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PREFACE 


The compilers of the present hnndbook, N. I. Koshkin and 
M. G. Shirkevich, are experienced Soviet teachers. 

'i’lie handbook covers all the main snbjects of elcnienlarv 
physics and contains information most frequently require<l in 
industry and agriculture. 

Special attention has been paid to the choice of data on 
the latest developments in physics, such as semiconductors, 
ferroelectrics, nuclear physics, etc. 

In addition to graphs and tables the book offers brief 
theoretical expositions, definitions of fundamental concepts 
and formulations of laws accompanied by explanations and 
examples. 

The handbook is intended for wide circles of readers in 
variou.s occupations, and for students with a background of 
secondary school physics. 


EXPLANATORY NOTES 



Mosi of the ial>ic;; are arranged in alphabetical order. 
Some, however, arc arranged in the order of increasing or 
decreasing values of tlie tabulated cjuantity. 

The numerical values of the quantities arc given to Swo 
or three signiticant ilgiires after the decimal point, which is 
sufficiently precise for most technical calculations. 

The number of figures given after the decimal point 
varies in the tables. This is due to the circumstance that 
some substances can be obtained in the pure form, whereas 
others are complicated mi.xltires of substances. For example, 
ilie density of platinum is givCn to four significant figures: 
21. '16, whereas that of brass is given to wilhin three units 
of the second significant figure; 8.4-8. 7, since the density 
of .brass varies within the.se limits depending on the compo- 
sition of the given specimen. 

If the heading of a column in a table contains a factor, 
such as 10", this denotes that the values of the quantity in 
that column have been increased lO" limes; hence, to find 
the true values one must divide the values given in the table 
by this factor. For e.xample, in the heading of the last coi- 
Uinu in Table IS; “Compr.c,ssibility of liquids at different 
temperatures” (p. 44) the compressibility p has been multi- 
plied by 10® (Px 10“ at'm~^). Thus, the compressibility of 
acetone, according .to this table,- is 111x10"“ atm"L 
The riote.s to the fabic.s give tlie conditions for wliicli the 
values of the tabulated quantities are valid (if these con- 
ditioirs are not indicated in the heading of the table), as 
well as aduitionai information on how to use the .tables, etc. 


EXPLANATORY NOTES 


M 

ii the physical significance of fhe. labulaf&d quantity is 
not qr.itc clear to the. reader, he should refer to the relevant 
section: “Fundamental Concepts and Laws”. This can 1 e 
found with the help of the table of contents or the index 
at the end of the book. The appendices contain i'aforniation 
on the units of measure of physical quantities, fornuiias for 
approximate calculations, and the values of some universal 
physical constants. 



MECHANICS 


When a body changes its position relative io other bodies 
it is said to be in mechanical motion. A change in the posi- 
tion of a body relative to other bodies is determined by 
a change in the distance between the points of the bodies. 
The unit of distance is i\\o meter (m). 

The meter is defined as i/10,000,850 part of a quarter of 
the earth’s meridian (the arc of the meridian from the pole 
to the equator) at sea level 

The unit of time is the second '*■% which is defined as 
1/86,400 part of a mean solar day. 


A. KINEMATICS 


FUNDAIWENTAL CONCEPTS AND LAWS 

Kinematics is the study of the motion of bodies without 
regard to the cause of that motion. 

The simplest moving body is a point mass, defined as a 
body whose dimensions can be neglected in describing its 
motion. For example, the annual motion of the earth about 
the sun can be regarded as the motion of a point mass,, 
whereas the daily revolution of the earth about its axis 
cannot. 

Every solid body can be regarded as a system of rigidly 
bound point masses. The path described by a moving body 
is called a trajectory. ' , “ 


as the distance, at the melting 
1 platiiuuu-iridiutn bar wfaichis 
Veights and Measures and which 
merer by the First General Cou- 

detiueu by the State 


itajjdard. 
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IG 

According to tlie fonii of the ir;ijccu)iv \vc 
betuecn tcclilinear iWoWnn (the trciicctory us <i ‘duidA nn®} 
fitui curoilinear motion (the trajectory is a curve). We albu 
distinguish between uniform and non-uni form inution. 

1. Rectilinear Motion * 

Uniform niolion is definsd as motion in wliicii a hndv 
traverses equal distances in equal time intervals, tinifonii 
motion is characterised by its velocity. The volocitn of uni. 
form motion (o) is defined as the' dislancc (s) iraversed in 
unit time (/); 



s=vt. (1.1) 

Velocity is a vector quantity. It is characterised by mag- 
nitude and direction in space. The additiem (composition) of 
vek.'Cities is performed according to the p.aralletograni lav/ 
(addition of vectors). The units of velocity are; cm/seo, 
rn/sec, km/sec, km/huur. 

In non-uniform motion we ditlerenliaie between instan- 
taneous and average velocity. 

If a body passe.s over a distance As in the time interval 
from /“a to 4- A A then 


. . ■ As ■ ■ 

is defined as the average velocity for the time interval Ar. 
In other words, if the body were moving uniformly with 
velocity Uav. it would cover the distance As in the lime AA 
The instantaneous velocity at a given moment defined 
as the limit of the ratio: 

■ ■ ' .. As 

n* = lim -j-T • 

Motion in which the velocity receives equal increments 
in equal time intervals is called unifonnty accelerated. The 
rate of change of the velocity is called tlie accelercnion (a): 


where v^ is the velocity at the time t and y^J is the veloc- 




r at the iniliril lime f^. Acceleration is also a vector 
antily. The units of acceleration are: cm/sec®, m/5ec^ 

■i/sec". 

The velocity at any given moment is determined by the 


+ ( 1 , 2 .) 

lere w,) is the initial velocity. 

Tim acceleration may be positive {accelerated motion) or 
galive {decelerated motion). 

The distance traversed in uniformly accelerated motion 
given by the formula: 


The terminal velocity in uniformly accelerated motion is 
determined by the initial velocity, the acceleration and the 
distance traversed: 

ti® 2as. (1/1) 

The motion of freely falling bodies is an example of recti- 
linear motion with constant acceleration. If we denote the 
height from which the body'- falls (Oq — 1^) 
acceleration of free fall byg, then 


red in radians, is the angle through which 
in ;i lime t. The unit of angular velocity is 
iecond (rad/scc). The angular velocity, may 


2 
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also be expressed in terms of the number of rovoljiiiuns in 
unit lime «, or the period of revolution 7’; 

(l/ia) 

^ (1,6b)' 

The linear velocity of a point in rotational motion is de- 
fined as the instantaneous velocity of the point. Its diroctioii 

is tangent to the trajectory. The angular velocity co is related 
to the linear velocity v by the formula; 

u — 0)7?, (i,7) 

where R is the distance from the point to the axis of ro- 
tation. : . 

In the case of non-uniform rotation we distinguish between 
instantaneous and .average angular velocities." If the body 
has turned through an angle Aep in a time from /(, to /(,-j-A/, 
then the average angular velocity (©av) for the lime is 

defined as 

Arp 

“-==Af • 



The limit of this ratio is, by definition, the inslaniane- 
ous angular velocity 

ht -> 0 Af ^ 

Rotational motion in which the angular velocity receives 
equal increments in equal time intervals is colled' unijormly 
accelerated. 

The angular acceleration of uniformly accelerated rotation 
(/) is defined as the rate of change of the angular velocity; 


where is the angular velocity at the time t, and is 
the initial angular velocity; 

0)^ = ©„-f-//. (1,8) 

In uniformly accelerated rotation the linear velocity v of 
any point of the body varies both in ma.gnitude and in di- 
rection. The change in magnitude of tlic linear velocity is 
c\u\xac\.Qnsed hy Vac tangential accelerotion: 
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where t'j and z\, are 1lie linear velocities at: the time t and 
at the initial mo;ncnt of time. At any given point of the' 
trajectory the direction of a., coincides with the direction 
of V. The tangential acceleration iz, is related to the angular 
acceleration /"by the formula: 

• a_ = IR. 

However, even when a body is in uniform rotation the 
points of the body are in accelerated motion, for the dir- 
ection of their velocity is continually changing. The accel- 
eration of this motion is directed towards the axis of rotation 
(i.e., perpendicular to the direction of the linear velocity) 
and is called the centripetal acceleration: 

(1,10a) 

or, , 

a^ = c<rR, (l.IOL) 

where v is the linear velocity, co — the angular velocity, 
and — the radial distance of the point from the axis of 
rotation. 

The total acceleration of a point of a body in uniform 
rotation is 

a = V (1.11) 

3. Motion of Bodies In the Earth’s Gravitational Field 

Fig. 1 illustrates the trajectories of bodies which are proj- 
ected from point A near the surface of the earth wuLh differ- 
ent velocities In all cases the velocity is directed hori- 
zontally. The trajectory is a circle if the velocity of the 
body 0 at point A is such that the acceleration of free fall 

g is equal to the centripetal acceleration 75- (f? is the radius 

K 

of the trajectory, which can be taken equal to the radius of 
the earth). Hence 

o = Vi?g'=5; 7.93 km/sec. 

If the velocity of the body at point zl is greater than 
7.93 km/sec but less than 11.2 kmlsQC, then the trajectory 
is an c/Z/psi?; the focus of the ellipse nearer to the point of 
depmiure (point A) lies at the centre of the earth. (This ellipse 

’ The lusiiitauce-oi the air is, iicgleclcU. 
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is depicted by a solid line In 
Fig. 1.) If the velocity of the 
body equals 11.2 kra/sec, then 
the trajectory is a parabola. If 
the initial velocity is greater 
than 11.2 km/sec, then the tra- 
jectory becomes a hyperbola. In 
the last two cases the body 
leaves the -earth and goes off into 
interplanetary space. The least 
velocity required for a body to 
leave the earth is sometimes 
called the escape velocity. The 
path of a body moving with 
velocity less than 7.93 km/sec 


represents an arc of an ellipse (dotted line in Fig. 1) whose 
distant focus coincides with the centre of the earth. 


If the velocity is much less 

than 7.93 km/sec the path may ' * 

be regarded as parabolic, and 

the acceleration of free fall / \ 

may be considered constant / \ 

in magnitude and direction. / _ \ 

if a body is projected from / ,» \ 

ithe surface of the earth at an / \ 

angle a with the horizontal, '"^4 

with an initial velocity y,, """'""a 

much less than y=7.93 

kra/sec, then in this case, Pig_ 2 . Trajectories oi bodies 
too, the acceleration of free projected from the surface of the 
fall may be considered cons- earth with velocity ■»o= 550 m/sec. 
tant in magnitude and direc- S 20 ^ 

tion, while the surface of the jection a = 70°. curve ///--ang-Ie 
earth may be regarded as flat, of projection «=:20‘’ with air rc- 
The trajectory will then be a "‘Stance taken into account, 
parabola (Fig. 2). The range 

(S) and the maximum height (//) are calculated by the 
formulas: 

Dn sin 2a vl sin®a 

{1,12) 


vdiere is the initial velocity of the body. . 

The range will he (he same for two values of the angle 
of projection: and where a2==9(F — a^. 




'he maximum range corresponds to the anole 0 — 45'^, 

[ Uie resi;.tnuce of Ihe. air is taken into account the range 
the heigh i of the. trajectory are less. For example, in 
absence of air resistance a body thrown at an angle 
-20' witi’i an initial velocity t'u = 550 m/sec would have 
aiige of 19.8 km, whereas a projectile fired at the same 
ie and with the same initial velocity would have a range 


TABLES 


Velocity o? Motion of Different Bodies 


Elevator in house .............. 

Subway train ................. 

Electric locomotive VL-23 . . . 

Automobile ZIL-110 

Passenger tram diesel locomotive TE-7 . . . 

Torpedo boat . 

Passenger plane lL-14 . . . 

Racing car (1947 world record) 

Passenger jet plane TU- 104 

Jet fighter plane ............... 

Jet plane “Mord 1,500 Griffon 02” (1959 

world record) 

Bullet at exit from gun muzzle 

Motion of electron beam over screen of tele- 
vision set K;VN-49 

Orbital velocity of artificial earth satellite . 

Cosmic rocket 

Velocity of earth on its orbit 

Electrons i n cathode-ray tube 

Electrons in betatron ............ 


km/lioui' 


” 2.500 

about 8,000 
more than 11,000 
” 30,000 


Acceleration of Different Bodies 
(Approximate Values) 


Decelera- 

Decelerated motion tion, 
m/sec2 


Accelerated motioi 


Emergency braking 

of automobile . . . 
Landing jet plane . . 
.0 Parachute opening 

1 when rate of fall is 
60 m/sec ...... 


Elevator in hot 
Passeng;er train 


about 60' 
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■■■■■.' Table 3 

Escape Velocities in the Solar System 

Mean ratiius of the earth 6,370 km. Mass of the earfh 
5.96xl02’g 


Body 


Sun . . . 

Mercury 
Venus . . 
Earth . . 
Moon . . 
Mars . . 
J upi ter . 
Saturn . 
Uranus . 
Neptune 


Radius 
(Earths 1) 

Mass 

(Eartii--=1) 

Escape veloc- 
ity, km/sec 

' 109.1 

322.100 

623 

0.09 

0.044 

3 8 

0.97 

0.82 

10.4 

1.00 

1 . 00 

11.2 

0.27 

0.0123 1 

M 2 . 4 

0.53 

0.108 1 


10.9.5 

31 7. ,1 1 

60. ‘i* 

9.02 

94 .9 1 

36.6 

4.00 

14.05 ! 

21.6 

3.92 

17. 16 j 

j 

23.9 


B. DYNAMICS 

FUNDAMENTAL CONCEPTS AND LAWS 

Dynamics deals with tlie laws of molipn of bodies and 
with the factors which cause or change this motion. Any 
change in the motion or shape of a body is a result of the 
interaction of at least two bodies. 

The physical quantity characterising the interaction of 
bodies is called a force-, it determines the change of motion, 
or the change of shape, of a body, or both. 

_ Force is a vector quantity. The addition of two forces 
simultaneously acting on a body is performed according to 
the parallelogram (addition of vectors). 

1. Laws of Dynamics 

Newton’s First Law of Motion. .Every body continues in 
a state of rest, or uniform motion in a straight line, unless 
it is compelled to change that state by the application cl 
some external forces 

That property, of matter by virtue of which a body “tends 
to retain the magnitude and direction of its velocity unchanged 
is called me/fm. The change in the motion of a body 
depends, in addition to the external force, on the quantity 
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oi‘ i'lniit-r ill ilw Ii(,idy. The tjrenicr the quantity of matter 
ill till.' body, the stronger is the tendency of the body to 
preserve a constant velocity, the greater is the mt’rt/a.ot 
the body. Thus, the quantity of matter in a body determines 
the physioal property of inertia. The measure of inertia is 
the mass of the body. . . 

Newton’s Second Law of Motion The force acting on a body 
is equal to the product of the mass of the body and the 
acceleration produced by this force, and coincides in direction 
with the acceleration. Thus, Newton’s second law of motion 
gives the relation between the applied force (F), the mass 
of the body (/«) and the resulting acceleration (n): 

F = ma. (1,13) 

The motion of a body may be characterised' by another 
quantity, called the momentum, K — mv. If the applied 
fuixe is constant, then 

' - 

or- 

Ft — nvo^r- m%. (1.14) 

The quantity Ft is called the fmpa/se. 

The change in momentum is equal to the impulse of the , 
force and takoc place in the direction of action of the force. 

. Newton’s Third Law of Motion. “When one body exerts’ 
a force on another, the second body exerts a force equal in 
magnitude and opposite in direction on the first body 

or : 

mia^ — — m^a^, (1,15) 

■ where F^ is the force acting on the first bodyj Fg"!^® lorce 
acting on the second body, and nij — the masses of the 
first and second bodies, re.spectively. 

A system of bodies wdiich interact only with other bodies 
of the same system is called closed. In a closed system 
the momentum remains constant. For example, in a system 
consisting of two bodies the following relation is satistied; 

.(1,16) 

where tq and v., arc the velocities of the fir.st and second 
bodies imfore interaction, and and i< 2 -— the respective 
velocities after interaction. : - 
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The mass per unit volume of a substance is called denr-iii! 
(:j. Ihe concept of specilic gravity is frequenlly used. .S/v- 
cifjc grauittj {d) is the ratio of the density of a sutv-duiirc 
to the density of water: 



(1,17) 
(I, IS) 


where m is the mass of the body, P — its weight, V' — ils 
Volume. 


2. Work, Power and Energy 


Work (A) in physics is defined as the product of the force 
and the distance through which it acts. If the force does not 
coincide in direction with the distance, then the work equals: 

A —FS cos 06 , (1,19) 


where a is the angle between the force, and the distance 
through which the body moves, 

Po^iier (N) is defined as the work performed in unit time: 



a; ^ 

. (1.20a} 

= fl,20bi 

When work, is performed in a system of bodies Hie 
state of the system changes. The state of the system is 
characterised by its energy. When the state of the system 
changes work is being performed. If we denote by and 

£2 the initial and final energies of the system, then 

£,-£, = 4 . ( 1 , 21 ) 

There are two forms of mechanical energy: 
energy (£,.), qr the energy of motion, which depends on the 
relative velocity of the bodies, and potential energn (£„ ) or 
the energy of position, which depends on the rclVtive posi- 
tion of the bodies. ■ 

The kinetic energy of a body equals: 

^k — — . (1,22) 

where ni is the mass of the body, and 0 -- its velocity. 
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where y is the gravitational constant (p. 27), is the mass 
of the earth, m — the mass of the body, and ~ the dis- 
tance from the centre of the earth to the centre of gravitY 
of I he body . . ' 

The minus sign in formula (1,23) denotes that when 
the body is removed to an infinitely great distance (when M 
is out of the field of gravitation), its potential energy is 
taken fo zero; hence, the energy of bodies situated at 
a finite distance is negative. 

When a body is raised to a small height above the sur- 
face of the earth the gravitational field of the earth may be 
regarded as homogeneous (the acceleration of free fall is 
constant in mag(nitude and direction). In a homogeneous 
field the potential energy of a body equals 

Ep = mg!i, (I.23a^ 

where m is the mass of the body, g — the acceleration of 
free fall, /i— ihe height of the body measured from some 
arbitrary level, at which the value of the potential energy 
i.s taken equal to zero. The surface of the earth can serve, 
for example, as such an 'arbitrary level. 


8. Dynamics of Rotation 

Newton’s second lam for rotational motion takes the 
form: 

A4==zjj. (1,24) 

Here the moment of inertia (J) is analogous to the 
mass, the torque (M) — to the force, and the angular 
acceleration (j) — to the linear acceleration. 

The torque or moment of force is defined as the product 
of the force and the perpendicular distance between the line 
of action of tlie force and the axis of rotation. 

If two torques are applied to a body, producing rota- 
tion in opposite directions, then one of the torques is arbi- 
trarily considered positive, and the other negative. 


- 26 , 
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TIk' wotnenf of fnprlia ('or rolary incrlin) of o nuitii 
mass aboui an axis is equal to the produci of Uie mass aiul 
the square of its distance from the axis: 

J = mR^ (1,25) 

The moment of inertia of a body is the sum of the 
moments of inertia of the point masses of whicli the body 
is composed. The moment of inertia of a body can he 
expressed in terms of its mass and dimensions. 

The moment of inertia of a body about an axis can be 
determined if we know the moment of inertia of the lioily 
ahiuit a parallel axis passing through the centre of gravily 
of Ihe body (see p. 34), the mass of the body tn and the 
distance belween the two axes S: , 

(1,26) 

In uniform rotational motion the sum of all the torques is 
equal to zero. 

The uniform motion of a point in. a circular path 
(uniform circular motion) is characterised by centripetal 
acceleration (which causes the velocity to change in direction' 
and can take place only if a force acts to produce thi.s 
acceleration. This force 'is applied to the point which is 
describing circular motion and is called the centripetal force: 



Fc = mco-^R. (l,27b!l 

The centripetal force is directed along the radius towards^ 
the axis of rotation and its torque is equal to zero (the 
perpendicular distance between the force and the axis is 
zero). 

The work done when a constant torque acts through an 
angle q) in rotalional motion equals 

i4=A'Jq). (1,23) 

The power developed equals 

#==yWQ). (1.20) 

The kinetic energy of a rotating body equals 



(1.30) ■ 
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When two solid bodies in contact are in motion relative 
to each other, a force arises which hinders this moiioiu 
This force is called friction. It is caused by the irregularities 
(if the surfaces in contact, as well as by molecular forces of 
interaction. When there is no layer of liquid between the 
surfaces we speak of dry friclion. 

According to the character of the motion giving rise 
to dry friction we distinguish sliding friction (one body 
slides over the surface of the other) and rolling friction 
(one body rolls on the surface of the other). 

The magnitude of sliding friction depends on the na- 
ture and quality of finish of fhe surfaces in contact and on the 
force pressing the surfaces together (the perpendicular force F^. 

(1,31) 

where k is the coefficient of friction-, k depends on the nature 
and quality of finish of the surfaces in contact, and to a 
slight degree on the velocity of motion (the dependence on 
the velocity is usually neglected). Rolling friction is less 
than sliding friction. Rolling friction depends on the radius R 
of the rolling body, on the force pressing the surfaces 
together, and on the quality of the surfaces: 


where k' is a quantity characterising the surfaces in contact; 
k' has the dimensions of a length. The following are two 
examples of the value of k' in cm; 

A wheel with a steel rim on a steel track . . . .0,05 
A cast iron wheel on a steel track ....... .0.12 


5, Law of Universal Gravitation 

The force of attraction F between two point masses /n, 
equals: 

p rn^itru ,, 


where R is the distance between the masses, and -y is the 
constant of gravitation, equal to 6.67x 10“® cra''’/gscr" (hi the 
CGS system of units*). The constant of gravitation is a 

* ilee p. 204 for the CGS system of units. 
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quantiiy^eqtial to tho force of attraction between two noinf 
niah.sc. 01 unit mass separated by unit distance. In the case 
o homogeneous spheres of masses vii and m., the force of 
attractioii is given by the same formula, except that R now 
denotes die distance between the centres of the spheres. 

file weight P of a body of mass m on the surface of 
tne earth IS determined mainly by the force of attraction 
between the body and the earth: 


where is the mass of the earth, and i?p is the radius of 
the earth. 

_ In accordance with the law of gravitation, the acceleration 
0 gravity (the intensity of the gravitational field) at a height 
n above die .surface of the earth is given by the formula: 

or ®“''’ + 

where go is the acceleration on the earth’s surface. ■ 
in the first approximation for 32 

.... 


: the centre of the earth the intensity of the gravita- 
tional field is equal to ze- 

ro. If the earth is regarded 

7 \ as a homogeneous sphere 

then g increases with in- 
/ { \ creasing distance from the 

f 1 V centre of the earth. Outside 

f earth g decreases with 

increasing distance from 
^J^'^I^entre of the earth; the 
^ ~ dependence of the accel- 

of grayity (in- eration g on the distance 
of giavitationa! held) versus p from the cpn+’-p fho 

e from centre of earth. (The ' V , "16 

s regarded as a homogeneous G 3 rth is depicted in the 
spiiere-) form of a graph in Fig. 3. 


TABLES, 


TABLES. 


Density of Some Sotids (at 20X) 


Table 4 


Metals and alloys 

Aluminium. 

Brass . . , 

Broru’c . . 

Cast i ron . 

Chromi urn 
Cobalt . . 
Constanta n 
Copper . . 
Duralumin 
Germanium 
Gold . . . 

Iron . . . 

Lead . . . 
Magnesium 
Manganin 
Molybdenum 
Neptunium 
Nickel . 

Nickeline 
Platinum 
Silicon 
Silver 
Sodium 
Steel . 

Tin . . 

Tungsten 
Uranium . . . 
White babbitt 

Zink , 

Wood 
( air dry) 

Ash, mahogany 
Bamboo . . . 
Cedar . . , . . 
Ebony 
Lignun 
Oak, beech 
Pine . . . 

Walnut . . 


Densi ty, 
g/cnP 


5.3 
19.31 

7. 88 
11.35 
1 .76 
8.5 
10.2 

19.5 
8.9 

' 8.77 

21 .46 

2.3 

10.5 
0.975 

7. 7-7. 9 
7.29 . 
19.34 
19.1 
7.1 
7.15 


0 . 6 - 0. 8 
0.4 

0.5-0, 6 
I . 1-1 .3 
1.1-1 .4 
0.7-0. 9 
0 .4-0.5 
0 , 6 - 0. 7 


Minerals 

Anthracite (dry) . 
Asbestos . . . 
Chalk (air dry) 
Diamond , . . 
Emery . . . . 
Granite .... 

Marble .... 

Quartz .... 

Plastics and 
laminated plastics 
Cellon .... 

Fluoplastic . . . . 
Laminated amino- 
plasts ..... 

Phenolic plastic 
impregnated . 
Plexi glas . . . . . 
Poiyacrylate (orga- 
nic glass) . . 
Polystyrene . 
Polyvinyl plasti 
Teflon . , . . 

Tex toll te . . . 
Vinyl pla-stic . 
Different materials 
Amber . . . . . . 
Bakelile varnish 
Beeswax, white 
Bone . . . . , . 
Glass, common . 

I Glass, for mirrors 
Glass, for thermo 
meters .... 

.Glass, pyrex . . 
Glass, (iiiartz . 

Ire (at O^C) . . 
Mica ...... 

Porcelain .... 

Piibber, ordinary 

hard ..... 


Densi ty, 
g/cm» 


1.2 
1.06 
1 .34-1.4 
2.2 

1..3-I.4 

1.38-1.40 

1.1 

1.4 

0.95-0.96 
1 . 8 - 2.0 

2.5 
2.55 

2.59 
2.59 
2.21 
0.917 
2. 6-3. 2 
2 . 2 - 2. 4 

1.2 
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Density of Liquids (at 20"'C) 


Liquid 

Derisi ty- 
&'cnv‘ 

Li qiii d 

Density, 

g'/cnr'* 

Acetic acid ... 
Acetone .... 

Ani line 

Benzene . . . . 
Benzine .... 
Braniine . . . . 
Brornobenzorie . 
Chloroform . . . 
Crude oil .... 
Diiodornethane 
Ethyl alcohol . 
Formic acid . . 
Glycerine .... 
Heavy water (ll.';0) 


1 .049 

0.791 

1 .02 

0.S79 

0.68-0.72 

3.12 

1.495 

1.489 

0.76-0,85 

3.325 

'0.79 

1.22 

1.26 

1.1086^ 

Heptane .... 
He.\ane ..... 
Machine oil , . 
Mercury .... 
Methyl alcohol . 
Milk of average 
fat content . . 
Nitric acid . . . 
Ni trobenzene 
Nitro.glycerine . 
Sea water . . . 
Toluene .... 
Tri bro m 0 m e t h an e 
Vaseline oil . . 
Water . ... . 


0.684 

0 . 660 

0.9 

13.55 

0.792 

1 .03 

1.51 

1,2 

1 . 6 

1 .01. i .03 
0.806 : 

2.890 

0.8 

0.90823 


Dcrs:{y of Some Metals in the Liquid State 


Substance 

1 Temperature, 

1 “C 

Density, 


S'/ cm''* 

Aluminium 

660 

900 

2.380 


1 . 100 

t 2,261 

iBisnuilh 

300 

600 

10.03 


962 

9.20 

Gold 

1, 100 

1,200 

17.24 

17.12 


1,300 

17.00 

1 

Lead 

400 

GOO 

10,51 

10.27 


1,000 

9.81 

Silver 

1 ' - 960 .5 , 1 

1,0.92 1 

9 . 3 0 : 

0.20 


. 1,300. 1 

1 . . 9.00.-. . 

Sodium 

100 

400 

0.928 

0 .854 


700 

0.7S0 

Tin 

409 

.57.4 

6.834 : ~ 

6.729 


704- 

6.640 
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Tabte 7 

Density of Water at Various Temperaimres (g/cm=') 


t, °c 

Density 

t, ■=€ 

Density 

t. “C 

Deii.siiy 

— 10 

0. 998! 5 

7 

0.99993 

or. 

0.99707 


■0.99S43 

8 

0.99988 


0.9968' 

— 8 

0.99809 

10 

0.99973 

27 

. 0.99652 


0.99S92 1 

11 

0.99963 

28 

0.99622 

—6 

0.99912 

12 

0.99952 

20 

0.99692 


0.99930 

!3 

0.99940 

30 

U. 99 501 

— 4 

0.99945 

1 4 

0.99927 

31 

0.99521 

—3 

0.9995S 

15 

0.99913 

■ 32- 

0.99479 


0.S9970 

16 

0.99897 

33 i 

0.99436 


0.99979 

17 i 

0.99880 

3 4 

0.99394 

0 

0.99987 

18 

0.99862 

35 

0.993.50 

1 

0.99993 

19 

0.99843 

40 

0.99118 


0.99997 

20 

0.99823 

50 

0.98S04 

3 

0.99999 

21 

0 .99802 

60 

0.98318 


1 .0 0000 

22 

0.99780 

70 

0.97771 

t 5 

0.99999 

23 

0.99757 

80 

0.97269 

.u 

0.99997 

24 

0.99732 

•90 

0. 90, >3 4 


Nate. The maximum density of water corresponds to ihe 
temperature 3,98-C. 


Table S 

Density of Mercury at Pressure /;=si! kg/ern' and at 
Various Temperatures 


7. °C 

g/cm.i’ 

1 

1 , °C j 

p, g/cfn» jj 

i. ■’C 

P, ff/cm" 

t. “C 

1 r. g.'t'nT'' 

■■■■ O'l 

13.5951 

25 

1.3.5335 : 

50 

! ■ ■ - 

■ 13.4723 

75 

1 3.. '4 11 6, ', 

''"S 1 

!3,SS27 

SO 

13.5212 

,5.5 

13.4601 

SO 

13.3990 

10 

13.8704 


13.5090 

60; 

13.4480 

: 90 

13;',375;5 

1 5 

13, 5580 

4 0 

13.4967, 

, 65 : 

1 3. 4.358 

100 

t 3 . 45 1 4 

20 i 

'll 3. ,6457 „ 

.45 

13. .4:846 



70 

13,4237 

SOO 

I. T2:; S7S : ■ 
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Density of Various Gases and Vapours at O' 


Table 9 
' and 760 mm Hg 


Substance . 

Density, 

g/cm» 

1 Substance 

Density, 
g cm • 

Acetylene .... 

0.00! 173 

1 Ethyl ether (satu- 


Air 

0.001293 

rated) 

0.00083 

Ammonia 

(1.000771 

Helium 

0 . 000! 785 

Argon 

0.0017S3 

Hydrogen 

0.00008988 

Benzene (.saturat- 


Krypton 

0.00374 

ed) 

0.000012 

Neon ....... 

0.000900 

Cnrlion dioxide . 

0.001977 

iSitrogcri , . ... 

0.001251 

Carbon monoxi de 

0.00125 

Oxygen ...... 

0 . 001 429 

.Chlorine .... ... 

0.00322 

Ozone . . 

0 . 002! 39 

Ethyl alcohol (sa- 


Water vapour (sa- 


turated) . . . . 

0.000033 

turated) . . . . 

0.000484 


Average Density of Various Substances 


Table 10 


Substance 


I Density, kg/rn'’ 


Asbestos felt 

Asbestos paper 

Asphalt 

Beets 

Broadcloth 

Clay, 15-20% moisture conicnt by weight. 
Concrete mixed with crushed rock, S% moisture 

content by weight . . 

Concrete dry . 

Corn (grain) 

Cotton wool, air dry 

Foam concrete 

Gravel, air dry 

Hay, fresh-mown 

Hay, compressed 

Lime piaster, <3-8% moisture content by 

weight . . 

Masonry, red brick 

' , silicate brick 

Mipor (raicroporous rubber) . 

Peas ■ 


Potatoes . . 

Pressboard (made of reeds) 

Reinforced concrete, S% moisture content by 

weight 

Sand ......... :. . ... . . . . . . . . . 

Sandstone .................... 

Silk 

Slag, blast-furnace 

,, ,, furnace . . . 

Slag concrete, i;5'% moi.sture content by w eiglit 
Snow, frcsh-fatleii , , .. .. .. . ... . .... . '. . 

Woollen cloth . . . .:. . .. . . . , . . . . . . . 

Woollen felt . .. . . . . . , ... . .. . , . . , . . 


. 600 
850-900 
2,120 
050 
250 

1,600-2,000 

■ 2,000 . 

: 1,600 
750 


100 

1,100 

1 , 000-1 ,700 
1 ,700-1 ,900 
not more than 20 
700 
670 

260-360 


100 

fioo-aoo 

900 - 1,300 


TABLES 


Table- 

iMontenfs of Inertia of Various Koniogeneous Bodies.' 


Body 

.Axis 

Moment' of 
inertia / . . 

Thin bar of length ( 

! Perpendicular to bar and 

I passing through it.s, cen- 
tre 

! fill' 

■ ■12- 

Circular disk or cylinder 
Qt radius r 

1 Perpendi rulnr to pla.ne oi 

1 disic .and passing 
through its centre 

. "T 

Sphere of radius r 

j Diameter of sphere 

G .A mr- 

Thin cylindrical tube or 
Ting of radius r 

\ Axis of lube i 

■ ' 

mr' 

Oircular cylinder of length 
, 1 and, radius r 

I'erpondlcular to axis oi 
cylinder and passing 
through its centre 

rV^ , 

"‘(n+r) 

■ Rectangular parallelepi- 
ped of dimensions 2a, 
'ib, 'Xr, 

Axis passing thron,gh 
centre and 'parallel to 
si de '2a 

,n 


Note. The tnble gives the moments of inertia of bodies about axes 
whieii pass Ihrougli their centres oi gravity. The moment of inertia 
about an arbitrary a.xis ran be ioiirid according to ..lormiihi (1.26)., 
For exampU-;, the’irionient of inertia o? a thin bar about an a.xis per- 
pendicular to the bar ami passing tiirough one of its ends is: 
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Tabie 12 

Coefiicsents of Sliding Friction for Various Materials 


Surfat-es in contact 



md irictiorial 


Note. The asterisk denotes materials used i) 
devices. : ■ . 


Bronze on bronze . 

” .steel . . 

Cast Iron on bronze . . . - 

” ’’ on cast iron . 

C-opper on cast iron . . . 

Dry wood on wood 

Fluoplastic-4 on iluoplastic 

Fluoplastic on stainless .steel 

Greased leather belt on metal 

Hempen rope, wet, on oak 

” ' dry, on oak 

Ice on i ce . . . . 

Iron-bound runners on snow and ice 

Leather belt, moist, on metal 

” " on oak . . 

* " dry, on metal 

Metal, moist, on oak 

’ dry, on oak 

Oak on oak. along grai n 

* “ along grain of one surface and across 

grain of other 

Rubber (tires) on hard soil 

” ° on cast iron 

Sliding bearing, greased 

Steel (or cast iron) on ferrodo . 

Steel on iron 

* ° ice (skates) 

: * * steel* 

■ ” cast iron* . .......... . . . . . . 

Steel-rimmed wheel on steel track . . . . . . ^ . . 

Wooden runners on snow and ice . . ... , . . . . 


0 . 2 i 
0 . 16 
0.27 

0.25-0.5 
0.052-0.086 
0.()64-0.080 
0.23 . 
0.33 
U.53 , 

0.028 
0.02 
0,36 

0.27-0.38 

0.56 

0.24-0.2£? 

0.5-0. 6 
0.4S 

0.34 

0.4-0. 6 
0.83 

0.02-0.08 

0.25-0 . 45 
0.19 

0.02-0.03 
0.18 
0.16 
0. 16 
0.035 
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Tabi' n 

Intensity o? Earth’s Gravilationai Field (Acceleration of Free 
Fall) for Diiroreiit Latitudes at Sea Level 


Lati tude 


(Moscow) 

(Leningrad) 


Table 14 

Intensity of Gravitational Field (Acceleration of Free Fall) 
near the Surface of the Sun and Planets 


Acccleratii 


Accelerati 
c m/sec = 


Sun . . 
Mercury 
Venus 
Earth 
Mars . 


Jupiter 
Saturn 
Uranus 
Neptune 
Moon . 


C. STATICS OF SOLID BODIES 


FUNDAMENTAL CONCEPTS AND LAWS 

Statics deals with the conditions of equilibrium of a body 
or systera of bodies. If a number of forces are acting on a 
body at rest (in equilibrium), such that the directions of 
the forces intersect in a single point, then the body will le- 
i-nain at rest (in equilibrium) when the vector sura of the e 
forces is zero, The forces may be displaced along their lino 
of action. 

Centre of gravity of a solid body or system of bodies. 
Every particle of a body is subjected to the pull of gravity. 
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Fig, 4, Equilibrium on an inclined 
plane. 


The: rcyuli.ani; (sum) of all the forces of gravity acting on 
the particles of the body is called the weight of the liody. 

The centre of gravity is called the point about which the 
sum of the moments of the forces of gravity acting on ail 
the particle^ of the body is equal to zero. The v, 'eight of the 
bofly may be considered concentrated at its centre of gravity. 

Tj/pes of equilibrium. When a body returns to its original 
position after being slightly displaced, the equilibrium is 
said to be stable. 

When a body tends to move as far as possible from its 
original position when slightly displaced, the equilibrium is 
called unstable. 

A body is in neutral equilibrium, if, when slightly dis- 
placed, it tends neither to return to its original position nor 
to move further away from it, in other words, when the new 
position is also a position of equilibrium. 

Conditions of equilibrium of a body on an inclined plane. 
For a body of weight P to be in equilibrium on an inclined 
plane which makes an angle a with the horizontal it must 
be subjected to a force F 
equal to F^. 

Fy—Psma\ 

the force F must be di- 
rected upward along the 
inclined plane (Fig, .4). 
The body itself presses 
dovv^n on the inclined plane 


F^—P cos a, 

while the inclined plane 
reacts on the body with 
an equal force. A body resting freely on an inclined plane 
will remain at rest as long as the force pulling it down is 
less than the force of friction. This condition is satisfied if 

tan a > /a, 

where k is the coefficient of sliding friction. 

The lever. A lever is in equilibrium if ihe sum of the 
moments of all the forces applied to it equals zero (Figs. 5, a 
■ 'and 5, b). 

^10 — ^36=0, 

where a and b are the lever arms of the applied forces. 
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Uie suiTi of the moments of all the 
ipplies to the equilibrium of a uiind- 


Fifr. 5. Levers. 

a) Fulcrum between forces actinff on lever, t>) Fulcrum at one 


Pulleys. The fixed pulley (F!g. 7) serves only to change 
the direction of the applied force. The movable pulley (Fig. 8) 


Fifr- 3. Schemaiic di- Fijr. 7. Schematic di- Pis’. S. Schcrnatic 
agram of windlass tigram of fixed pulley. diagram of mov- 
U'XR=Pxn- able pulley. 

gives US a gain in force. When a movable pulley is at rest 
or in uniform rotation the sum of all the applied forces and 
the sum of all the moments ia equal to zero. 
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n 

f 


Hence it follows that 

or ■ " ■ ■ 


P=-2F, 



Pulley blocks. A pulley block (Fig. 9) is a combination 
o. iixed and movable pulleys. If the block contains n niov- 



Fig. 9. Pulley 
block. 

able and n fixed pulleys, then the force F required 
counteract the force P equals 


0. Jackscrew. 


The screw. In the absence of friction the force P acting 
along the axis of the screw is balanced by a force F applied 
to the circumference of the screw cap and equal to ‘r 


where R is the radius of the 
pt the screw (Fig. 10), 



TABLES ■■■■■■ 

Tabic 

Centres cf Gravitv of Various Homogeneous Bodies 
(see Fig. 11) 

Body I Position of centre of gravity 


Thin solid triangular 
plate I 


At the centre of the har 
In the middle of the straight line connecting 
the centres of the bases of the cylinder oi 
prism 

At the centre of the sphere 
On the axis of symmetry at of its height 
above the base , . " 

On the straight line connecting the centre 
of the base and the apex at >/< the dis- 
tance from the base 

On the axis of symmetry at 'V, the radius 
from the centre of the sphere 
At the point of intersection of the medians 
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Pulley 


Fi<f. 10. Jackscrew. 


block. 


able and n fixed pulleys, then the 
counteract the force P equals 


force F required to 


The screw. In the absence of friction the force P actintJ 
along the axis of the .screw is balanced by a force F applied 
to the circumference of the screw cap and equal to 


: 2nR 

where R is the radius of the screw 
of the screw (Fig. 10), 



Table 15 


ivily of Various Homogeneous Bodies 
(see Fig. 11) 


At the centre of the bar 
In the middle of the straight line connecting 
the centres of the bases of the cylinder or 
prism ■ 

At the centre of the sphere 
On the axis of symmetry at 2/5 of its height 
above the base 

On the straight line connecting the centre 
of the base and the apex at the dis- 
tance from the base 

On the axis of symmetry at 2/., the radius 
from the centre of the sphere 
At the point of intersection of the median's 


L'ntre of gravitv of some bodies of regular 
geometrical shape. 
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ELEMENTS OF THE THEORY OF ELASTIdTY 
FUNDAMENTAL CONCEPTS AND LAWS 

Under the riction of external forces a solid body under- 
goes a change in shape, or is defonned. If, when the forces 
are removed, the body- resumes its original shape, the defor- 
mation is said to be elastic. 

When a body undergoes elastic deformation internal eUs- 
iic forces (restoring forces) arise which tend to restore ihe 
body to its original shape. The magnitude of these forces is 
proportional to the deformation. 

Deformation by tension and by compression. The increase 
in length (Af) of a body produced by an external force (F) 
is proportional to the magnitude of the force and to tlie 
original length (/), and is inversely proportional to the 
cross-sectional area (S): 

I IF 

(1,35a) 

where is a coefficient of proportionality. Formula (1, 35a) 

is the mathematical expression of Hooke's law. 

The quantity E is called Young's tnodulus, and character- 

E 

ises the elastic properties of the material. The ratio ^=:,p 
is called the stress. 

The deformation of rods of arbitrary length and cross-sec- 
tional area is described by a 
quantity called the longitude 

nal strain b=~ . 

For bodies of arbitrary 
shape Hooke’s law is: 

P=Eb. ;(l,35b) 
Young’s modulus is numeri- 
cally equal to the stress requ- 
ired to double the length of 
a .body. Actually, however* 
fupture occurs at considerab- 
ly,- smaller stresses. Fig; IB 
represents i rr gra ph : form the 
experimentally determined re- 
lation between p and e, \vlieie 



At point 0 Iraclure occurs. 
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Py-j. is I'p-C tiltimaie stress or breaking stress — Ihe stress un- 
der v.liich .1 consiiiction arises on .the rod, py is the yield 
point tile stress under which the material begins to flow 
(the detormation increases without any increase in the ap- 
plied forco), Pe! is the elastic limit, i.e., the stress; below 
which Hooke’s law is. valid.”" 

Materials are classiiied as brittle and plastic. Brittle ma- 
terials are destroyed when very small strains are produced 
in them. Brittle materials can usually withstand greater 
compression than tension. 

Tensile strain is accompanied by a decrease in the diam- 
eter of the specimen. Ii Ad is the change in the diameter, 

tiien is called ihe transverse strain (transverse coii- 

d I & I 

traction per unit dimen.sion). Experience shows that ~ <'^* 

The absolute value of ix= — is called Poisson’s ratio. 

‘ I e I 

Shear. Shear is called a deformation in which all the lay- 
ers of a body parallel to a given plane are displaced rela- 
tive to one anotlier. In deformation by shear the 
volume of the body re- 
mains unchanged. The line ^ 

segment AA^ (Fig. 13) i V/ 7 /^ 

equal to the displacement i / 7 / 

of one plane Relative to \ r J I 

another, is called the ah- ^a/\' > J 

solute shear. / w,'' ' 7^ 

For small angles of 
shear the angle a^tan a— 

A A ' 

characterises the Fig. 13. Ddomation by shear. 

AD 

relative deformation and is called the shearing strain. 

Hooke’s law for deformation by shear can be written in 
the form: 

p=Ga, (1,36) 

where the coefficient G is called the shear modulus. 

Compressibility of matter. When a body is subjected to 
pressure in ail directions its volume decreases by AF; as a 
re.su It elastic forces arise whicli tend to restore the body to 
its original volume. The compressibility (P) is defined as the 

y\y ■ 

relative change in the volume of a body ^ produced by 




i the iurtc IS’ applied lor a time, 
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iinii change in the stress (P) acting perpendicular to its surface. 

The reciprocal of the compressibility is called the modtihis 
of volume elasticity ov bulk modulus Xu). 

The change in the volume of a body AV produced by an 
increase in pressure AP can be computed by the formula: 

AF=-VPAP, ' (1,37) 

where V is the original volume. 

The potential energy of elastic deformation is given by the 
formula: ■ FAl 

:^pot=-^. (1,38) 

where F is the elastic force, and Al — the deformation. 


TABLES 


Table 16 


Breaking Stress of Various Materials (kg/mm^) 


Material 


Breaking stress 



i n compression 


Amlnoplasts, laminated 

Bakelite 

: Brass, bronze 

Brick 

Cast iron, white 

” ” gray, fine-grained . . 

,* gray, ordinary .... 

Cellon 

Celluloid 

Concrete 

Foam plastic in slabs 

Getinax (laminated insulation) ... 

'Granite 

Ice (O^C) 

Oak (15% moisture content) across 

grain 

Oak (!5% moisture content) along 

grain, ' 

Phenolic plastic, impregnated • - ■ , 
Pino <15% moisture content) across 
, grain . . . . ............ 

Pine (15% moisture content) along 

grain 

Polyacrylate (organic glass) ..... 
Polystyrene . .. . . . . . ..... . . 
Steel, structural . . . . . .. . . . . 

” silicon-chromi um-manganese . 
carbon . . . . .... . . .. . , 

Steel for tracks 

Teflon , . . 

Textolite DTK 

Vinyl plastic . ..... ...... 



Brass, rolled, for ship 
building . . . 

” cold-drau-n . . 
Cast iron, wrought 
Cast iron, white, gra> 

Celluloid 

Constanlan . . . . . 
Copper, casting . . 
Copper, cold-drawn 
Copper, rolled . . . 
Duralumin, rolled . 
Getinax (laminated 
insulation) .... 


invar 

Lead ........ 

Limestone . . . . . 

Mjiiganin 

Marble 

Phosphor bronze, rolle 

Plexiglas 

Rubber 

Steel, alloyed . . . 


9,100-9,900 3,500-3,700 0.32 

15,500 -- — 

11,500-10,000 4,500 0.23-f 
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r Compressibility of Some Liquids at Diil'erent Temperature's 


Substance 

Temperature, 

°C 

Pressure 
range, atrn 

Compressi- 

bility, 

3 X ! 0''atm~s 

Acetic acid 

25 

92.5 

8 i . 4 


14.2 

9-36 

111 


0 

1 00-500 

82 

Acetone 

0 

500-1 . 000 

59 


0 

1 ,000-1 , 500 

47 


U 

1 .500-2,000 

40 


16 

8-37 

90 

Eien'/ene 

20 

99-296 

78.7 


20 

296-494 

67.5 

Castor oil 

14.8 

1-10 

47.2 


20 

1-50 

112 


20 

50-100 

102 

1 Ethyl alcohol 

20 

20 

i 00-200 
200-300 

95 

86 


20 

300-403 

80 

[ ■ 

100 

900-1 . 000 

73 

Glycerine 

14.S 

l-IO 

22. 1 


1 ■ 1 

1-15 

67.91 


16.1 

1-15 - 

76.77 , 

Kerosene ! 

35.1 

1-15 • 

1 1-15 ! 

82 . 83 
92.21 


72 A 

1 . 1-15 

100.16 . 

11 1 

94 

! , ■ ■ 1-15 . . 1 

108.8 

, Mercury 

1 20 . I 

1 MO 

3.91 : , 

Nitrobenzene ] 

1 25 1 

1 ■ .4 92 ; ■ 

43.0 

; Olive oil , 

1 20.5 1 

1 „ . 14.S ■ 1 

1 ■. 1-10 ' . 1 

i 1-10 

63.3 ■ 

. 56.3 

Paraffin (melting 
point, 35* C) 

64 i 

100 1 

JS5'. 

20-100 

20-400 

20-400 

83 

24 

137 

Sulfuric acid 

1 0 1 

1 . ,1-16^ 

302.5 

;• Toluene 

i 10 1 

1 :20 . 

1-5.25 

1-2 

79 

91 .5 

Water 

1 20 i 

1 i 

. 4 6 ■ 


1 10 ; 

r.5v25 1 

■ 74. ■ 

Xylene 

1 100 1 

1-5.25 1 

■■ 132 
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. Table 19: 

Allowed Stress of Various Materials (kg/tnm^) 



Allowed 

Stress 


in tension 

in compression 

Aluminium 

3-S 

3-8 

Brick nia.sonry . . . . . . . . 

0.2 

. O.OG-0.25 

Cast iron, grav ......... 

2 . S-S 

12-15 

Concrete 

0.01-0.07 

0 . 1 -0 . 9 

Copper. ............ 

3-12 

3-12 

Oak, aero?? prain 


0.2-3. S 

Oak, alonjo- grain . 

0.9-1 ,3 

1 .3-1 .5 . 

Pine, acro.s.s grain 


0.15-0.2 

Pine, along grain ....... 

Steel, alloyed, for macltine 

0.7-1 

1-1.2 

bui Idi ng 

10-10 and more i 

10-40 and more 

Steel (grade 3) 

Steel, carbon, for niachlne- 

14 . 

14 

bui kli ng . . 

1 6-25 

16-25 

Stone masonry 

Up to 0.03 

0.04-0.4 


■ 



E. MECHANiCS GF LIQUIDS AND CASES 
FUNDAMENTAL CONCEPTS AND LAWS 

Liquids and gwases, as distinct from solids, offer no re- 
sistance to a change in shape wh’ch does not entail a change 
in volume. To change the volume of a liquid or reduce, the 
volume of a gas one must apply external forces. This prop- 
erty of fluids is called bulk elasticity. 

Pressure (p) is defined as the perpendicular force acting 
on unit surface. ■ 


External pressure applied to a confined gas or liquid is 
trunsinittac! equally in all directions (Pascal’s principle). 

k column of liquid or gas in a uniform gravitationalTield 
exerts a pressure caused iiy the weight of the column. If the 
liquid or gas 's assumed to be incompressible, then the 

(U9) 

where p is the density of the liquid or gas.'g is the accel- 
eration of gravity, and h is the height of the column. The 
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riiagrutude of the pressure is independent of the 
column and depends only on its height. 

riiG heights of columns of liquids in cornrnur 
sels are inversely proportional to their densities; 


p-hpg/z-f. 


=const 


A body immersed in a fluid is buoyed up by a force eaiial 
to the weight of the fluid displaced (Archinmles' principle), 

2. Dynamics 

When a fluid is in motion with a velocity much smaller 
than the velocity of sound in that fluid, it may be regarded 
as incompressible. The motion of fluids gives rise to forces 
of friction. If these forces are small thev may be neglecled 
and the liquid or gas is called an idcarfluid. * ' 

Motion of an ideal fluid. A liquid or gas is said to flow 
at a steady rate when the velocity and the pressure remain 
constant at each point in the stream. 

In this case an equal volume of fluid flows through any 
cross-section of the pipe; 




where and Sg are the areas of two different cross-sections 
ot the pipe, and and Og are the velocities of the fluid in 
these cross-sections. When the cross-sectional area of the pipe 
changes, both the velocity'’ and the pressure of the fluid 
change in such manner that in any cross-section (for steady 
flow of an ideal fluid) the following condition is satisfied 


where p is the pressure, p is the density of the fluid, h is 
the height of the given cross-section of. the pipe above a 
given level, and u is the velocity of the fluid in the given 
section of the pipe (Fig. 14). ^ 


CONCEPTS AND LAYvS 



(1,43) 

liquid emerging from a small 
3 the height of the surface of 


Motion of a viscous fluid. When one layer of a ’fluid 
moves over another layer forces of friction arise. 

When a solicit (e.g., ,a sphere) moves through a fluid, the 
adjacent layer of fluid adheres to the surface of the solid and 
moves with it, while the remaining layers of fluid slide over 
one another. The force acting on a solid moving in a vis- 
cous medium (fluid) is opposite in direction to the velocity 
and is called the resistance, of the medium. If no eddies are 
formed in the wake of the moving body, then the resistance 
of the medium is proportional to the velocity v. In the 
particular case of a sphere of radius R the resistance of the 
medium is 

(1,44) 

where q is the coefficient of internal friction, or the coeffi- 
cient of viscosity. In the CGS system of units viscosity is 
measured in poises: 1 poise— 1 gra/cm sec. 

Formula (1,44) is called Stores’ /ormu/fl. 

When a small sphere falls through a viscous fluid its veloc- 
ity of uniform (steady) motion is determined by the for- 


( 1 , 45 ) 
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v.here p js the deir^ity of the sphere, R is its rruiiu-, cs ii, 
the density of the Iluid, is ilsi ^iscosi^y, and g is tile accel- 
eration of free fall. 

The volume of Iluid which flows in unit time through a 
rapillar\ tube of radius R and length / when tlie presMire 
dillerence on the ends of the tube is pi — p^ equals 


l/= 


riR\ 

X y-0,-A). 


( 1 , 46 ) 

The viscosity of fluids depends markedly on the tempera- 
ture. 4 


. TABLES 

Viscosity of Various Liquids at J8°C 


Tabk- 20 



Acetic acid 

Acetone 

Aniline 

Benzene 

Bromine 

Carbon’ disulfide . . 

Ca.slor oit 

Cliiorofonn 

Cylinder oil. dark . 
Cylinder oil, refined 

(40‘!C) 

Ethyl alcohol. . . . 
Ethyl ether 


Glycerine 

Machine oil, heavy. 
Machine oil, ligat . 

A'tercury 

Methyl' alcohol . . . 
Olive oil 


Pentane'^. , . . 

Propyl alcohol 
Soya bean oil (30° C) 
Toluene 
Water . 

Xylene 


.3 <13 
GOO 
113 


1.032 

(.'244.' 


Viscosity of Various Gases at C° C 


Table 2i 


Gas 

Tj X 10 ' 
g/cm sec 

Gas 

T, X 1 0* 

; g,'cm see 

Air (wi thout CO.^) . . 
AiTiinonia ... . . . . 
Carbon dioxide . . . . 
Carbon mono.xide. . , 
Chlorine. . .... , . 
Helium .. . ..... . 

1.72 

0,93 

1.40 

1.67 

1.29 

1-89 

Hydrogen .... , . . 
Methane . . , . . * . . 
Nitric o.xi de .... . 
Nitrogen ^ . 

Nitrous oxi de. . . . . 
Oxygen . .... . . . 

0 .84 

i' . V 1 . 04' 

1 . 72 

1 . 67 

I . 33 


1.92 



Viscosity of Gl] 
at Different T 


Tine, Castor Oil and Benzene 
speratures g/cm sec) 


Ben?( 


Viscosity of Liquid Helium 
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'CULAR PHYSICS 


‘UNDAMENTAL CONCEPTS AND LAWS 


The thermal state of a body is characterised by a quantity 
called the temperature. A cliange in the temperature of a 
body entails a change in almost all its properties (dimen- 
sions, density, elasticity, electrical conductivity, etc.). 

The temperature of a body is related to the average kinet- 
ic energy of thermal motion of its molecules. 

Temperature is expressed in dflferent temoerature scales. 
The most widely used is 
the centigrade (or Celsius) 
scale. The zero point of 
the centigrade scale is the 
point at which* water is 
in equilibrium with icc; 
the point 100° on the cen- 
tigrade scale is the boiling 
point of water at standard 
atmospheric pressure. In 
addition to the centigrade 
scale the Kelvin (or abso- 
lute) scale is frequently 
used; the zero of this scale 
is at— 273. 16° C, and 
the degrees are of tlie same 
size as on the centi- 
grade scale. The Reaumur 
and Fahrenheit scales are 
less frequently used. . 

Fig. 16 shows (he con- 
iigradc, Reaumur and 
Fahrenheit scales for com- 
parison. 


io! ting point 
efkiatsp 


Melf./ng poM 
of ice 


Fir. Ifi. Centiffrade. Reaumur 
and Fahrenheit thermometer 
scales. 



ii. HEAT AND MOLECULAR PH 


interval (?i — /J 
this ratio 


_ Wiion a body is heaicfl it-^ inlerual enor‘;v i.s inof'i-' ‘J. 
Thus, heat can be mcabnred iti niiib. oi work (-rcnerw-. 
Hisiuricaliy, iiowever, a 'Special unit - the „vr'/orA' — was 
adopted for measuring' heat. 

The calorie is defined as the quantity of heat required to 
rai'^e the temperature of one qram of water one deeToe—- 
from 19.5" C td 20.5° C. 

The kilocalorie (or kilogram calorie)— 1,000 cal==-i27 ligin-.^: 
=0.24 joule. 

The quantity of heat required to raise the tempcinliire 
of a body of unit mass from f,j to is dciiffied 

by /AQ. The mean speeijic heal in the given icinperature 


defined as the ratio 


AQ 


is, by definition, the true specific heat at the temperature fg. 
The true specific heat depends on the temper.ature. liovrevcr, 
iji most cases this dependence is neglected and it is assumed 
that the true specific heat (or, simply, the specific heat) can 
be defined as the quantity of heat" required to raise the 
temperature of a body of unit mass from'’^°C to (r-L-i)''G 
at any temperature t. 

The quantity of heat Q absorbed by a body of mass m 
when its temperature is increased by At equals 

Q=cmAt, : ' (2,1) 

where c is the specific heat. The specific heat of a body also 
depends on the conditions under which it is heated, if the 
body is healed at constant pressure then c„ is defined as 
the specific heat at constant pressure. If the xmlume of the 
body does not change upon heating, then c., is delined as 
the specific heat at constant volume. When a body is heated 
under constant pressure, a part of the heat imparted to it is 
spent on the work of expansion of the body; hence, 

The specific heats c„ and for a substance in the' solid 
state differ very little. 

For a given pressure there exists for every substanc.'e a 
definite temperature, called the melting paint, at which the 
substance passes froiri the solid to the liquid stale. Through- 
out this transition the temperature remains constant. Upon 



ill 
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tnelil'.ifj; a r.El)'-'L£ince increases in volnme (except for ice, cast 
iron anJ liirsinutli wliicli decrease in volume). Tile quantity 
of heat requirciJ tr) ineit a body is given by the formula 

Q=%m, (2,2) 

whore rn is ilic mass of t!ie molten body, and X is the heat 
of fusion. 

Tile hem of fusion is defined as the quantity of heat re- 
quired to convert unit in-ass of a solid at the melting point 
into liquid at the same temperature. When a liquid crystal- 
lises (solidifies), heat is evolved. 

The heat of iusion is equal to the heat of crystallisation 
When a liquid i.s contained in an open vessel vaporisa- 
tion —conversion from the liquid to the gaseous state — 
takes place continually on its surface. During vaporisation 
molecules e.scape from the surface of the liquid. Vaporisa- 
tion which takes place not only on the surface, but within 
the liquid as well, is called boiling. A liquid boils at a 
deitnite (for a given external pressure) teniperature. This 
temperature is called the boiling point. It remains constant 
throughout the process of boiling. Boiling requires the 
expenditure of a quantity of heat: 


where m is the m1\ss of evaporated liquid and r is the heat 
of vaporisation. 

The heat of vaporisation is defined as the quantity of heat 
required to convert unit mass of a liquid at the boiling 
point into vapoui; at the same (emperature. When a vapour 
or gas is condensed (i.e., converted from the ga.seous to the 
liquid state) heat is evolved. 

The lieat of vaporisation is equal to the heat of conden- 
sation. 

The boiling point and the melting point depend on the 
external pve.ssure. 

The evaporation of a liquid from an open vessel can pro- 
ceed until all of the liquid is converted' into vapour. In a 
clo,>ed vessel evaporation proceeds until a state of equilib- 
rium between the rnas.s of the liquid and that of the vapour 
ns ivaelmd. A.t ihis stage evaporation and condensation com- 
pensate e.uch other. .Such a state of equilibrium is called 


stalii nc bo(3i es . A cn/sialli ne 
p.t ill ctitferonl directions, 
calkd polycrysUUUne, 


one whose properties are difi 
idy composed of mimerous crystals 
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dynamic. A vapour which is in dynamic _ec|ui librium with 
it,', liquid is called & saturated vapour, i he pressure and 
dei'Miiy of a saturated vapour are determined by the temper- 
ature. 

Boiling occurs at the temperature at which ^he pro;, sure 
of the saturated vapour is equal to the external pressure. 

The pressure and density of a saturated vapour increa.se, 
while the density of the liquid decreases with increasing 
temperature. When a liquid is heated in a closed vessel the 
result will depend on the amount of liquid. If the quantity 
of liquid is great, then upon expansion it will eventually 
occupy the entire volume of the vessel. If the quantity of 
liquid is small, then at a certain temperature it will evapo- 
rate completely. For a certain initial quantity of liquid in 
the vessel the liquid and its 
saturated vapour will remain 
in equilibrium as the temper- 
ature increases, up to a cer- 
tain point, at which their 
densities become equal and 
the meniscus dividing them 
disappears. This state is 
called the critical state, and 
the values of the density, 
pressure ancF temperature cor- 
responding to it are called 
critical values. 

The heat of vaporisation 
depends on the temperature. 
As the temperature increases 
the heat of vaporisation de- 
creases, and at the critical 
temperature it becomes zero. 
The heat of vaporisation (r) is expended on the work performed 
by the molecules in escaping through the surface layer 
of the liquid (internal heat of vaporisation p), and the work 
of expansion upon passing from the liquid to the vapour 
state (external heat of vaporisation tj)). Fig. 17 shows the 
dependence of r, p, and rb on the: temperature A for water. 

2. Thermal Expansion of Solids and Liquids 

A change in the temperature of solids anil liquids is 
accompanied by a change in their linear dinionsion- and 
volume. The length ol a solid body al a leuiperatuie / ’ G 





















V 




4; 


Impersfure 

Fig. 17. Temperature dependence 
of external (<!>), internal (p) and 
total (r) heats of vaporisation for 
water. 
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(1^) is dolevminod by its length at C (/,,), the ternperalui 
(r) and the ojefikient ot linear expansion (a); 

= ( 2 / 
The coi'fjicicnt of linear expansion is defined as the me? 
{for the temperature interval from OX to r^'C) increase i 
unit length of a body for one degree rise in ternperalui 



Similarly, for the volume of a body 

(2.1 

where P is the coefficient of volume expansion. 

The coefficient of volume expansion is defined as the mer 
(for a given temperature interval) increase in unit volume 

a body for one degree rise in temperature j 

For an isotropic solid (a body whose properties are tt 
same in every direction) p = 3a. 

The coefficients of volume and linear expansion are e: 
pressed in 1 /degree. 

The following formulas are more exact: 

Al {at -j— bt"), = /jj (1 -| - at -|— bt"). (2,1 

Thus, the coefficient of linear expansion varies with the ten 
perature range in which the body is heated. 

For example, for iron /^ = /9 (l-f-H^XlO"’^ 
and the coefficient of linear expansion of iron upon heatir 
from OX to 75X equals i.2lXfO”“ 1/degree, while for tl 
temperature range OX-750X it equals 1.52X10~® i/degree. 

When a body is heated its density changes. The density c 
a body at a temperature t is given by the formula 



where p„ is the density of the body at OX, and p is th 
coefficient of volume expansion. 

3. Transfer of Heat ' ' 

Ffeat can be transmitted by convection, conduction an 
radiation (see thermal radiation). 

j-'onvoclion. in Ihiids temperature differences are evene 
on mamly by tvnivcnon, by the Uow of the fluid from 
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warmer io a colder region. Convection does nor take place .in 
solids. 

Conduction. Conduction is the transfer of heat brought 
about by the random motions of atoms or molecules. 

The quantity of heat transferred through a layer of sub- 
stance of thickness I and cross-sectional area 5 having a tem- 
perature difference T^ — T^ on its planes in a time / is 
given by 

T - T 

(2,8) 

where a is the thermal conductivity. 

The thermal conductivity is defined as the quantity of heat 
transferred in unit time through a layer of unit thickness 
and unit cross-sectional area when the "temperature difference 
between the two surfaces of the layer is T\ 

The thermal conductivity is usually expressed in 
kilocal cal , » x, T. , 

m hour degree cm sec degree ' ” le first case, the quan- 
tity of heat transferred is expressed in kilocalories when the 
thickness of the layer is expressed in m, the cross-sectional 
area in square meters and the time in hours. 

4. Surface Tension of Liquids*' 

The molecules in the surface of a liquid experience forces 
of attraction due to the remaining molecules, which tend to 
pull them into the liquid. 

The surface layer of molecules is in a state resembling that 
of an elastic membrane under tension vdiich tends to contract. 
Every section of the surface experiences the pull of all the 
surrounding .sections which keep it in a state of tension. 
These forces are directed along the surface layer and are 
called forces of surface tension. 

The force of surface tension is given by the formula 

F~al, (2,9) 

where I is the perimeter of the surface layer of liquid and a 
is the coefficient of surface tension. 

The coefficient of siirfac'c tension for, simply, the surface 
tension) is deJined as the force acting on unit length of a 
rectilinear boundary of the surface layer of a liquid." 

The surface tension decreases with ' increasing temperature 
and vanishes at the critical temperature. 
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Gas 


iour of most substances in the gaseous state un- 
conditions is described by the equation 


This equation is called the equation of state of an ideal gas 
or the general gas law {Ciapcyron-Mmddctjev’s equation). Here p 
is the 'Vrsssure of the gas, o — the, volume occupied by m 
grams of the gas, |.i — a mole (a mole or gram molecular 
weight of any substance is an amount of that substance whose 
mass, expressed in grams, is numerically equal to the molec- 
ular weight), f? — the universal gas constant, T — the tem- 
perature on the Kelvin scale. This equation is valid (in tlie 
iirst approximation) for all substances in the gaseous state, 
if the density is much less than the density of the same sub- 
stance in the liquid state. 

The number of molecules contained in one mole is the same 
for all subs’.anccs and is called Avogadro’s number (.\); 
N=6.02Xi'j'''' mole“^ 

From equation (2,10) we deduce Gay-Lussac’s law, Charles’ 
law and Boyle’s law. For constant p and ni (since /? = const 
and fi is constant for the given substance) 


w^here and T,, are the \-olume and temperature of the gas 
at O^'C. Whence follows Gay-Lussac’s law (the equation of an 
isobar ic process): 

u = o7l . (2,11a). 


For constant v and m wc obtain Charles’ law {isochoric 
process): 

p=p.,[l+^l). ( 2 , 111 ,) 

For constant T and m (isothermal process) we obtain Boyle’s 

PiO, — /.Ef.,. (2,11c) 

The quantity 1 '273.10 degree-'* is called iho coefficient of 
colduic ..xpunsiJti at cnndunt p/vss/nvor thv coefficient of pressure 
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change a! constant volume of an ideal gas. For real at 

pressures close to atmospheric or greater, tlie rc^r'ective 
coeHlcients difier somewhat from this vaiue, 

1 he den-.-ity of a gas p may be computed from equaLinn 
(2,10) if the pressure p, the temperature T and thd molecular 
weight of the gas are knowm: 

m lip 

= ^ 2 , 12 ) 

^vhen a gas expands isotherrnally (at constant temperature) 
i-t performs work against the external pressure. This work is 
performed mainly at the expense of the heat absorbed from 
the surrounding medium. The temperature of the gas and the 
surrounding medium remain constant. When the gas is com- 
pressed it releases heat which goes off into the surrounding 
medium. 

When the volume of a given mass of gas changes without 
heat entering or leaving the system {adiabatic process) tlie 
relation between the pressure and the volume is expressed by 
the equation of the adiabat: 

par = const, (2,13) 

where y=:^. 

6. Fundamentals of the Kinetic Theory'- of Gases 

From the molecular point of view a gas consists of a huge 
number of freely moving particles (molecules or atoms). These 
particles are in constant mot on with different velocities 
which change when the particles collide. 

The pressure of a gas is due to the impact of individual 
molecules on the walls of the container. It is equal to 

p=~nmc\ (2,Ha‘) 

or p = nkT, (2,!4b) 

where n is the number of molecules in unit volume, m is the 
mass of a molecule, A = ™ is called Bollzmarm’s constant, 

T is the temperature on the Kelvin scale, and c is the root 
mean square velocity of the molecules. 

The rout mean square velocity of the molecules is defined as 


+ + - • - H-Wj 





mm»smsmic 
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where n Is the number of mo- 
lecules, and is the veloc- 
ity of the j-th molecule. 

The pressure of a mixture |J 
oi ideal gases is equal to 
the sum of the partial pres- S; 
sures of the component' gases. 

The partial pressure is de- 
fined as the pressure which 
each of the gases would exert 
if it alone occupied the whole 
volume: 

p = p,-f . . -f-p„. (2,16) 

where Pi,p^, . p,^ are the 

paiTiai pressures. 

The average kinetic energy 
of translational motion of the 
molecules depends only on the temperature of the gas: 

= ( 2 , 17 ) 

The molecules of a gas move with different velocities. Fig. 
18 gives the dependence of the fraction of molecules “ , 

with velocities between v and o-f-Ac, on the velocity. The 
velocity corresponding to the maximum of the curve in Fig. l§ 
is called the most probable velocity. 

The average velocity of the molecules is defined by the relation 

,, + /o ,o. 


Velocity V, ctUec- 


Fig. 18. Distribution of veloci- 
ties of nitrogen niolecule-s at tem- 
peratures 20°C and SOO^C. in- 
most probable velocity at given 
temperature, c— root mean 
square velocity. 


The average velocity is greater than the most probable 
velocity and less than the root mean square velocity. 

Some molecules, whose velocities are greater than the escape 
velocity, can escape from the upper layers of the atmosphere 
into interplanetary space. 

The atmosphere is a mixture of gases held by the field 
of gravity of the planet which it surrounds. The pressure of 
the atmosphere decreases w'ith increasing distance (fi) from the 
surface of the planet. If it is assumed that the temperature 
of the atniusphere is inclcpeiident of the height, then 
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Wiicre ji is the average molecular weight of the niirture o? 
p'p curnprisiiig the atmosphere, g — the acceleration of iV.^ 
. .^urfuce of the planet, — the miiversai gas 

con;,caru, 7 the absolute temperature, p„ ~ the pressure of 
the atmosphere at the surface of the planet, e- tlr- base uf 
tne iiaiural^ system of logarithms (e:^2.72). In the case of 
tile eariu tnis formula can be written in the form 


(2,19a) 


/r=8,000 log ^ . 

p 

where h is the height in metres, r=273°K. 

In many countries, including the U.S.S.R., scientific data 
pe often corrected for a standard afmospiuric pressure tN-pich 
IS taken equal to the pressure at sea level at 15"C when the 
mercury Darometer registers 760 mm and the temperature fails 
by b.b"’ with every 1,000 m increase in elevation. 

Table 51 gives the relation between the height, pressure 
density and tempcraluro of a standard atmosphere, 

riio air about us always contains a certain amount of water 
vapour. The mass of water vapour contained in 1 cubic meter 
of air IS called ^the absolute humidity^ The absolute humidiiv 
can be measurea by the parnal pressure of the water vapour. 

riS the absolute humidity increases, the water vapour ap- 
moaches the state of saturation. The mex/mn/n absolute katni- 
^‘‘71 temperature is defined as the -mass of satu- 

• vvater^ vapour contained in i cubic metre of air. 

I he relative humidity is defined as the ratio of the abso- 
lute humidity to the maximum absolute humidity at the 
given temperature, expressed in per cent. 

The thermal conductivity of a gas (X) is calculated bv the 
formula 

^=-3 (2,20) 

where p is the density of the gas, — the average velocity 
of the gas molecules, — the specific heat at constant vol- 
ume, — the mean free path. 

The mean free paih is defined as the average path which a 
molecule travels between successive collisions with other mol- 
ecules. The mean free path in a gas is given by the formula 
, kT 

_ — __ 12 2iv 

p' 2Ka^p ’ ' 

where a is the diameter of a molecule of the gas. 

curlaiti conditions siipcrsaturaiiuii ul Uiu vapour can in, 
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Gold 
I'€e (V 
Iron 
Lead 


Methyl alcohol 
Naphthalene . 
Nickel . . , . 
Propyl alcohol 


Steel 
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Table 28 

Change in Volume upon Melting 


Substance 

Relative 

change in 

volume 

5/ /« 

Substance 

Relative 
change i n 
volume, 

i/ '0 

Aluminium ...... 

6.6 

Lithium 

1 . 5 

Antimony 

— O.tM 

Mapnesi um ... 


Bismuth . 

--3.32 

Mercurv 

a! 6 

. 2.41 

Cadmium . 

4.74 

Potassium 

Cesium ........ 

2.6 

Silver 

4 . 99 

2 5 

Gold . 

5.19 

Sodium ..... 

Ice (water) 

—8.3 

Tin 

2 ! 6 

Indi um . . . . . . . . 

2.5 

Zinc 


Lead ... 

3.6 




Table 29 

Specific Heat* of Various Solids (in cal/g degree) at 
DilFerent 


a) True 


Substance 

-200° 

— 100° 

0° 

100° 

2^0° j 300° 

500° 

Copper 

Silica glass .... 
Silver i 

0.040 
0.043 ■ 
0.0375 

0.082| 

0.116! 

0.0521 

0.091 

0.167 

0.056 

0.094 
0. 199 
0.057 

0.098 

0.060 

0. lOll 
0.244 

0.107 
0.266 
0. 063 


b) Average 


Subst.ance 

— 100°-0° 

0°-100° i 

0°-200° 

0»-300° 

Copper . i 

0..08.7 

0.093 

0 . 096 

0.097 

Sili ca gla.ss . ..... 1 

0.143 

1 0.183 

— 

0.210 

Silver . . . | 

0.054 

0.56 i 


0,0 57 


Y* The values of the specific heats are expressed in tiO-defjroe 
calories (the specific heat of water at 20°Cis taken equal to unity). 
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Table 30 

€r (in cal/g degree) at Different 




Tempera- 

ture 


Tempera- 

ture 

Cp 

Tempera- 

ture 

*'P 

0“ 

1.0104 

35“ 

0.9984 

70“ 

I .0014 

5° 

1.0063 

40“ 

0.9984 


1 . 0020 

: 10° 

1 . 0033 

50“ 

0.9990 

80° 

1.0027 

15“ I 

1.0013 

G0“ 

1,0001 

90° 

1.0 041 

2 0” . 
30“ 

1 . OOOU 
0.908(5 

()5° 

1 .0007 

100° 

i .0056 


d ^ : 

\:f- 


d 7 " 




specific Kesi Cn of Liquid Ethyl Alcohol (in ca!/g degree) at 
Dilferent tcmperatiires and Pressures 


-GO I -40 -20 0 20 40 GO 




80 100 120 140 160 180 200 
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Table S2 

Specilk Heat of Some Gases- at. 1 atm (in cal/g degree) 


H 

Oxygen 

Air 

Carbon 

dioxide 

Water 

vapoui 

Elhyi 

alcohol 



Cp 

CpICf 


V. 


CpjCf. 

Cp 

CpICjj 

0 

0.2! 85 

1.397 

0.240 

1.400 

0.1946 

1.30! 



0.320 

1.16 

!00 

0.223 

1.385 

0.241 

1 .397 

0.2182 

1 .2 60 

0.502 

1.28 

0.4 03 

1.12 

2U0 

0.2 30 

1.37 

0.245 

1.390 

0.2371 

1 .235 

0.472 

1.30 

0.480 

1 . 10 

300 

0.2376 

1.353 

0.250 

1 .378 

0.2524 

1.217 

0.481 

1.29 

0.554 

1 . 08 

COO 

0.2553 

1 .32 1 

0.266 

1 .345 

10.2847^ 

I 

1 . 1 88 

0.527 

1.26 

0.,756 

1 . 06 


Table 

Specific Heat Cp of Air at 20 kg/cm® 


Temperature, 

‘’C 

0 

50 

100 1 

! 

150 

200 

250' 

280 

Cp, cal/g degree 

0.2492 

0.248 

0.24 7 

0.2466 

0. flies 

0.2468 

0.2471 : 


Table 34 

Specific Heat Cp of Carbon Dioxide at 6S kg/cm'^ 


I'eraperature, 

OQ - 

25 

30 

50 

75 

100 

125 

; 

•Cp, c a 1/g degree ... 

1.375 1 

D.7960 

0.4043 

0.324 

! 0.291, 

0.2748 

Temperature, 

'■ ■ 

150 

200 

250 1 

300 

goo; 

Cp, cal/g degree . . . 

0. 2G79 

0.2622 j 

0.2628 

0.2656 

0.2889 



TaMe 3h 

iing Point and Standard Atmos- 
Pressure 


>n of Carbon 
Teinijeraturej 


Tempera tur 


0.00165 

0.00250 

0.01152 

0.02-!Ui 

0.0307 

0.0508 

0.0G55 

0.0 So 4 

0. 1 135 

0.1715 

0.2755 




library IgR 
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: ■ ■ ■ ■ Table^ 42 

C'oefricienis of Linear Expansion a of Solids at abou: 50 '-C 



Table 43 


Surface Tension of Liquids at 20°C 


Substance 

Surface 
tension, 
dynes 'em 

Substance 

Surface 

tension, 

dynes/cm 



Methyl alcohol . . . . 

22.0 

Acetone ........ 

23*7 

Avniline . 

42.9 

Nilrobenzone . . , , , 

4 3.9 

Benzene . . ... , 

29*0 

Olive oil , . , , , , 

(IS°G) 

Butyric acid . . . .. 
Castor oil . . . . . . . 

127*2 

136,4(18^0 

Propionic acid ! ! ! ! 

27 

Ethyl alcohol . ... 

Propyl alcohol .... 

23.8 ' 

Glycerine . . ..... 
Kerosene . . ... , . 

59^4, 

28.9 (0°C.) 

Wdr/r”^. ; ; ; ; ; ; ; 

2 8.3 

72.8 
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Thermal Conductivities 


Table 46 


Moisture 
content, 
<J/o of weight 


Thermal con due* 
th'itv, 

kcal/m hr degree 


Aluminium 
Brass . . 
Cast iron 
Copper . 
Gold . . 
Iron . . 
Mercury 
Silver . . 
Steel . . 


Insiilaiing Maierials 

Asbestos cardboard . . - . . 
Asbestos felt ......... 

Asbestos paper 

Foam concrete 

Foam glass 

Foam resin 

Furnace slag, 

Mipor (micrbporous rubber) . 
Pressboard (made of reeds) . 
Wool felt . . . 


Various other materials 

Bakclile varnish 

Brick masonry ........ 

Cardboard . . . 

Clay . 

Concrete, reinforced . ... . 
Concrete with crushed rock . 
Corkboard .......... 

FluopIastic-3 ......... 

Fliiopla.stic-4 ......... 

Glass, ordinary . 

Granite ............ 

Gravel ............ 


Ice 

Leather 

Oak, across grain 
Oak, along grain . 
Paper, ordinary . 
Pine, across grain 
Pine, along grain 
Plaster . . . . . , 
Slag concrete . . . 
Vinyl plastic . . . 


nir dry 
15-20 


air dry 
air dry 


0. 135 

0.045-0.08 
0. 152-0. 115 
0. 103-0.275 
0.003-0.092 
Q. 037-0. 05 
. 0.20-0.32 
0.033 
0.09 
'* 0.04 


0.25 

0.58-0.70 

0. 12-0.30 
0 . 6 - 0. 8 
1.33 
1.1 

0.036-0.040 

0.05 

0.2 

0.64 

1,89 

0.31 

1.9 

0 , 12 - 0 . 14 

0. 17-0.18 
0.3-0.37 
0. 12 

0.12-0.14 

0.30-0.35 
0.68 ^ 
0,60 

.. 0.108 



■essiire Chant-e at Constant Volume 
for Various Gases 


Themial Conductivities of Liquids at Various Temperatures 
(in kca!/ra hr degree) 


Subst; 


Acetone . . . 
Aniline . . . 
Benzene . . 
Castor oil . . 
Ethyl alcohol 
Glycerine . . 
Methyl alcoho 
Toluene . . . 


Table 49 


Thermal Conductivities of Some Gases at Standard 
Atmospheric Pressure 


Thermal conducti 
>. X 1 0^ kcal/m 
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„ ■ y ■. Table 50 

Dependtnce of the Lifetime of the Planetary Atmospheres 
on the Escape Velocity 
Age of earth 3x10^-4x10'-' years 


-V escape 

V average 

j 

A 

• i 

■t.5 

! 1 

5 

Lifetime {years) 

J 

50 X 10-' 

30 X lO' 

[. ■ 25 X lOa 


Standard Atmosphere 


Height, m 

Pressure, pipa 

■ 

Density, p/p„ 

Temperature, “G 

"0 

! , 000 
2,000 
,3,000 

) 

0.S87 

0 . 734 

0 . 692 

.1 

0.907 

0.822 

0.742 

0.669 

0.601 

1 0.53S 

1 0.481 

0.428 

0.381 

0.337 

15 

8.5 

4.000 

5.000 
, 6,000 

' 7,000 

<S,000 

9.000 
: 10,000 

0.608 

0.533 

0.465 

0.405 

0. 351 

0.30.3 

0.2G1 

-17.5 

—24 

— 30.5 
-37 

— 43 
-■50 


Diameters 

of Molecules 

Table 52 


Diameter 
of moiecules, 
d X 10’- cm 


Substance 


Diameter of 
molecules, 
d X 1 O'* cm 


Ai-ffon 2.9 

Carbon dioxide . . 3.3 

Carbon mono.xicle 3 2 

Helium ...... 1 'y 

Ilydrotfen 2.* 4 


Krypton , 
Mercury 
Nitro/ren , 
0.xvfl:eii . 


muiecules have been computed from 



TABLES 



ililf' 

Ik ' 


mbusiion of Some Fuels 


Coal (grade JXi . . 
Dynamite (75%) . 
Gunpowder . . . 
Peat (in lumps) . 
Shales (Esthonian) 
Wood . . . . . . . 


Jcjiicd 


Benzi ne 


Ethyl alcohol 


Kerosene 
Ligroin . 


Carbon monoxide 


oven gas 


Hydrogen . . , 
Illuminating gas 



Table 55 

Pressure and Free Path of Nitrogen Molecules in 
the Earth’s Atmosphere 



I ‘ 


MECHANICAL OSCILLATIONS 
AND WAVE fflOTION 

FUNDyWiENTAL CONCEPTS AND LAWS 
1. Harmonic Motion 

Motions (or changes of state) which to a certain extent 
repeat themselves at regular intervals of time are called 
in physics and engineering vibrational or oscillatory motions 
{vibrations or osciilaiions). 

For example, in the oscillations of a small ball attached 
toastring the displacement of the ball from the verlical 
position is continually repeated. 

If the oscillations involve a change only of mechanical 
quantities (disp^lacement, velocity, density, acceleration, 
etc.), then we speak of mechanical osciilaiions. 

Periodic oscillations are oscillations in which each value 
of the variable quantity is repeated an endless number of 
times at regular time intervals. The smallest time interval 
7’ which elapses between two successive repetitions of some 
value of the variable quantity is called the period of 
oscillation. 

The reciprocal of the period v = y is called the fre- 
quency. The unit of frequency is the heriz, or cycle per 
second (cycle, 'sec). The hertz is the frequency of periodic 
oscillation whose period is 1 sec. 

Harmonic motion is defined as periodic variation of a 
quantity which can be expressed as a sine or cosine 
function: 

x= /i siti (co^ -f-T)' (3,1) 

The positive quantity A in (3,1) is called the amplUnde 
of harmonic motion, (©/ -j- ip) — the phase {or phase angle). 
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q; — tile epoch angle, co—the cyclic (or Lugukic) frequeacu; 
2.Tt. A, 

CO y = 2jtv. . (3_2) 

^ The phase of harmonic motion determines the value of 
the variable quantity at any given moment of time. Tlie 
phase is expressed in units of ''angular measure [radiani> or 
degrees). The angular frequency is measured in radians per 
second (radians/sec). 

An example of harmonic motion is the projection onto 
iho- x (or y) axis of the motion of a particle which is in 
un Norm circular motion with an angular \eiociiy w (Fig. iP'i. 
For particles I and 2 the displacements of the projections 
are, respectively, 

Xj = J? sin a = sin of, 

X 2 = R sin (a + cp) = /? sin (of +■ T) • 

Oscillations with the same frequency hut different phase 
angle,s arc said to be out of phase (or to have a phase- 
difference). 

The difference between the epoch angles is called the 
phase difference The phase difference between two oscilla- 
tions of the same frequency 
is independent of the choice 
of the zero of time. For exam- 
ple, the phaSe difference tie- 
tween the projections of par- 
ticles 1 and 2 (Fig. 19) is (p 
for any arbitrary zero of 
time. 

Harmonic motion is pro- 
duced by the action of a re- 
storing force. A restoring force 
is a force which is propor- 
tional in magnitude to the 
displacement of the body 
from the equilibrium position 
and is always directed to- 
wards the equilibrium posi- 
tion. The mathematical expression of a restoring force is 
F = — kx, (3,3) 

where k is a coefficient of proportionality called the restor- 
ing force constant, x is the displacement, and the minus 
sign denotes that the force. is always directed towards tlis 
equilibrium position. 



Fi(4 19 . Harmonic molionofpro- 
jections of bails describing uni- 
fonii circular trjoti on. 



2. The Pendulum 


\;iy kind '.k' pe"iodic inoUon can be represented to any 
(!s.‘<;r<-e o; apjiro.aniatiun by a siun of simple harmonic 


A physical iKndulum \s a ric;id body which is supported 
at puini a't'ove its _ centre of cjravity. A body thus 

su!M)oried can perfurni oscillations. The pendulum is called 
a ■simple, (or muthemat ical) pendulum if the entire mass of 
■lie k'ody can be regarded aa concentrated in one point. A 
sullicieutly cio.se approximation of a simple pendulum is a 
sniri! b.al! (called a p.endnlum bob) attached to an inexten- 
silile string, if tiie friction of the air and the pendulum 
support are negligible, and the dimensions of the halt are 
small compared with the length of tlie 
angular displacements the oscillatiorns of a 
rnav be considered harmonic. 

The period of the simple pendulum is given by 
formula: 


where / is the length of the pendulum, and g is the 
eration of gravity. 

The oscillations of a bob suspended from a spring 
be considered h-«rmonic if the amplitude of oscillation 
within the limits of validity of Hooke’s law (see 
frictional forces are negligible. 

The period of the bob is 


where m is the mass of the boh and k is the 
elasticity of the si)ring, equal numerically 
required to stretch the spring by 1 cnr‘'’'*'. 

torsional pendulum is a body which performs rotary- 
oscillatory motion under the action of a spring (for example 
the balance wheel in watches 
conditions (when the amplitude 
small and frictional forces are 
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also 1)0 considered harmonic. The period of a lorsiona! 
pendulum is given by the formula: 


1 


(3,6) 


where ,/ is the moment of inertia of the body about the 
axis of rotation, and D is the torsional rigidity, equal nu- 
merically to the torque required to turn Uie body through 
unit angle. 

The period of a physical pendulum i.s tlie formula: 


= 23T1 


(3.7) 


where ./ is tlie moment of inertia of the body al)out an 
axis passing through the point of support, a -- the distance 
from the centre of gravity to this axis, rn — the mass of 
the body, and g — the acceleration of gravity. 


3. Free and Forced Osciilations 

The oscillations which a body performs when it is in 
some way displaced from equilibrium and then released, 
are called free (or natural) oscillations. 

If the free oscillations of a body are caused only by a 
restoring force, then they will be harmonic. 

The oscillations of a body due lo the simultaneous action 
of a restoring force and a frictional force (which is propor- 
tional to the instantaneous velocity, Ffr;,. == — ru =% where 
V is the velocity) are called damped oscillations. The equa- 
tion of damped oscillations has the form 
X = sin ( 0 )^ -}- (p). 

The positive quantity A is called the initial amplitude., 
6 — the damping constant, — the instantaneous value of 

the amplitude, uj — the angular frequency, e — the base of 
the natural syslem of logarithms; 


b = 


2m ’ 


'-VI- 


(3, Sa) 
(3,8 b) 


y The rninu;; sign denotes that the velocity and the iorce are 
opposiieJy directed. 



liiii 
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al force constant, m — the njass of 

restoring force constant. 

are depicted graphically by the curve 


Damp 


ici 11a lions of a body under the action of periodic 
force are called forced os- » • " 


the period of the sinu- 
driving force approaches 


Fig. 80. Damped oscillations Fig. 21. ResoiiaiKc curves: 

J — weak damp! ng, J — strong 
damping. 

the period of natural oscillations of the body, the amplitu- 
de of the forced oscillations increases sharply (Fig. 21). 
This phenomenon is called resonance. 

If the frictional forces are large (strong damping), then 
the resonance is weak (see Fig. 21). 

4. Sound 

Sound is produced by the mechanical vibrations of elas- 
tic media and bodies (solid, liquid and gaseous) with fre- 
qiiencies ranging from 17-20 to 20,000 vib/sec. Within this 
range of frequencies mechanical vibrations can produce the 
sensation of sound in the human ear. Mechanical vibrations 
of frequency below 17 vib/sec are called infrasomc (or sub- 
sonic), vibrations of frequency above 20,000 vib;scc are 
called ultrasonic. ; 

Every musical sound is characterised by loudness and 
pUch. The loudness of a sound depends on the amplitude 
of vibration, the pitch— -on the frequency. 

5. Wave Motion 

Wave motion is the propagation of a disturbance of some 
kind. For e.xample, if we strike one end of a metal bar, a, 
local compression arises at that end and passes along the 
bar \\it.h a delinite velocity. 
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Thc velocity v«1Lh vhich the disiurbanco advances Is 
called the wave velocity. The velocity of mochanical v,'a\-cs 
depends on the properties of ilie medinm, and in some cases 
on the frequency. The dependence of tlte wase velocitv'cm 


ihe trequency is called ii/.spars/o, 7 of the velocity. 

When mechanical waves are propagated in a' medimri ihe 
particles of the ntcdium viiirate about equilibrium positions' 
The velocity of the particles of the mediuai is called the 
velocity of vibration. 

If, when waves are propagated in a njediuin, the para- 
meters characterising the medium (for otample, density 
particle di.'^placement, pressure, etc.) vary at any ’arbitrarv 
pant in space according to a sine function, tlie" waves are 
calicd sine waves. 

An^ important characteristic of sine waves is the wave- 
length. Ihe wavelength (X) is defined as the distance tra- 
\ielied by the wave in one period; 


where v is the wave velocity, v — the frequency, and T- 
the period. 

The mathematical expression 


Vvhich describes the variation of some parameter of the 
medium through which sine waves are passing is called the 
equation of sine waves *. 

In this expression A is the amplitude of the wave a) — 
the cyclic frequency, /--the distance from the .source ini- 
tiating the wave to the point of interest in the medium, 

t’ — the velocity of the wave; the expression to (t — — \ 
is called the phase of ihe wave. ^ 

The surface, obtained by connecting all points which have 
a common pi I ase, is called a wave front. 

^ According to the shape of the wave front we distincniish 
between plane, cylindrical and spherical waves. 


rr,/ denotes any parameter ctiaracterising 

Bicuiujii (lor e.xaiijple, pressure, temperature, etc. i. 


the state of 
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lieiu-ocn lon<(Ui!c!inal and transverse 
on how the particles of the medium are 
d witii respect lo ttie direction of propagation of the 


longitudinal. 

Tlie veloci 
the formula: 


iiduial wave the particles of the medium os- 
directioii of propagation; in a transverse wave 
perpendicular to the direction of propagation 
Mechanical waves in liquids and gases are 


longitudinal waves in a rod is given by 


wh.ere E i.s Young's modulus and o is the density. 

The velocity of longitudinal waves in a solid, "the trans- 
verse dimensions of which are much greater than the 
wavelength, is • 

where q is the density of the medium, £ — Young’s mo- 
dulus, and |x — Poisson’s ratio {see Table 17). 

The velocity of longitudinal waves in fluids is given by 
the formula: ^ 


where Pt is the isothermal compressibility'^’', y = 
The velocity of transverse waves is given by 


• V 

where G is the modulus of shear. 

The velocity of sound waves 
the formula; 


gases is expressed by 


*^souiid — ' 


■ , and p is the pressure. 


' For coni prepi bill ty see p. -11. Isothermal comprc.==sibiiity - com- 
=.s!on lakes' place at constanl temperature. 
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life “ 

“sound = |/^ y~. (3431,) 

Waves on the surface of a liquid are neither transvoix? 
Mr longitudinal. The particles of a liquid describe SjS 
complex motions in surface waves (Fig, 22). ' 


1 o 

O 

_ 

1 - 

o 






The velocity of surface waves'*" is given by 

I 2jta 

y (3.14) 

where g is the acceleration of gravity, X - the wavelength 
a -the surface tension, and e L the density 

HonerlhaJ. »<= >'» 

When the depth of the liquid A is less than n iho 
velocity is CaXpressed by the formula: ’ 

\xr .. Vstir=VgA. Y3 ,15) 

Wave motion is accompanied by the transferofenemv- 
^ ° mecfium, however, are not carried alnno 

with the wave but only oscillate about their eqlillibrS 

the dSi™ mucrESta’thuJltet'Sfsr^^ 
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6 ‘ 


position? (if Hi? wave'^ are of small amplitude and the rne- 
ri'inn ii non-vi.'coi:-\). 

rhe quanlify of energy transniilLed per second across 
1 nquarc ceiiLiiiiclcr perpendicular to the direction of propa- 
gation of the wave is called the iniensitij of the zcavc 
intensity is expre.-^sed in vvatts/cni" or er,gs/cm~ sec. 

When mcchanicai waves travel through 'a medium the ve- 
locity and acceleration of the particles of the medium vary 
according to the sariie sine law as does the displacement. 

if ihe amplitude of displacement of the particles is x when 
a sine wave of cyclic frequency to passes through the medium, 
tiien the amplitude of vibration of the particles will he 


‘lie amplitude of acceleration of the particles 


and the intensity of the wave 


where q is the density of the medium, o — the wave 
velocity, and the maximum velocity of vibration of 

the particles. 

The maximum 'increase in pressure in the medium (ApJ 
due to the propagation of sound waves is called the sound 
pressure. The following relation exists between the sound 
pressure and the maximum velocity of vibration of the part- 
icles: 


The intensity of sound corresponds to the subjective sen- 
sation of loudness. Below a certain minimum intensity, 
Galled the threshold of audibility, sound is no longer audible 
to the human ear. The threshold of audibility is different 
for sounds of different frequencies. Sound of great intensity 
produces only a painful sensation in the ear. The smallest 
intensity of sound causing sucli a sensation is called the 
threshold of feeling. 

A change in intensity (intensity level) is expressed in 
decibels (dh). . ^ 

The intensity level B of a sound is defined as 
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TABLES AND GIUPHS 


Velocity of Sound in Pure Liquids and Oils 


Note. The velocity of sound in liquids decreases with a rise in 
temperature (with the exception of water). Tlie velocity at tempera- 
tures other than those given in the table can be computed from the 
formula: vt=-vo[^ it — U)\, where t/n is the velocity given in the 
table, a- the temperature coefficient given in the last column of the 
ta[)le for pure liquids, t-the temperature for which the velocity is 
sought, and To -'the temperature indicated in the table. 


As a ruic, in acoustics /„ is taken equal to i0~'" erg, 'cui'kec, 
which Is approximately equal to the ilireshold of audi- 
bility at i,U00 c/sec. ■ 

Mechanical waves. like electromagnetic waves (see Ciir.p- 
ier V; Optics) undergo reflection, refraction, dilTraction arid 
Interference. 


Liquid i 

1 

Tempera- 
ture. ■'C 

Veloci ty, 
m/sec j 

Temperature 

1 coeffi cient. 
ni/sec degree 

Pure liquids 



1 

Acetone , 

20 

1,192 


Aniline 

20 

1,656 


Benzene 

20 

1,326 

—.S !> ■ 

Ethyl alcohol 

20 

1 , 1 «0 


Glycerine 

20 

1,923 

— 1.8 

Heavy water 

■ 25' ■ 1 

1,399 , 

2.8 

Mercury i . . 

20 1 

1,451 

—0.46 

Methyl alcohol 

20 

1 ,123 

— 3 3 

Ordiriary water ..... 

25 

1,497 

2.5 

Sea water 

17' ■ 

1 ,510-1,550 


Oils 




Cedar nut ........ 

29 

1 ,406 


Eucalyptus ........ 

29.5 

1,276 


Gasoline . 

34 

t 1,250 


Hemp seed ........ 

31.5 

i 1,772 

II' 

Kerosene .■ . . 

34 

i 1,293 


Glive .... . . , , . . . 

32.5 

i 1,381 


Peanut ... . 

: 31.5 

i 1,562 


Rapeseed 

30 . S 

1,450 


Spindle 

32 

1,342 


Transformer ....... 

32.5 

1,423 

- 



Load . . . 
Limestone 
Marble . . 
Mica . . . 
Nickel . . 
plaster of P 
Plexiglas . 
Polystyrene 
Porcelain . 



8G CH..1II. MECiiANICALOSCILLATIONS AKD Vv'AVL: MOTIOX 

Table 58 

Velocity of Seismic Waves 

MccJianiciiI waves travelling in the earth’s crust -re 
ca Hed scism/c uynnes. ■-luai jie 

Seisnnc waves, can be longitudinal (compressional wavesi 
or transverse (shear waves). 


Deptii, km 

Velocity of longi - 
tudinal waves, 
km/sec 

Velocity of 
transverse waves, 
km/sec 

0-20 ! 
20-45 I 

1,300 

2,400 

5. 4-5. 6 
6.25-6.75 
!2.5 

13.5 

f ^ . 

3.2 

eit) 

7.0 


Velocity of Sound in Gases at 1 atm 


Table 59 


Air 

Ammonia .... 
Benzene (vapour) 
Carbon dioxide . 
Deuterium . . , 
Et!"-1 alcohol . 

Helium 

Hydrogen .... 
Methyl alcohol . 

Neon 

Nitrogen . . ! 



Water vapour . , 


Veloci ty, 
ra/sec 


331 
415 
202 
259 
890 
269 
965 
1 .284 
? 335 
435 
334 
316 
4 94 


TemperatuRe 
coefficient, 
rn/sec degree 


0.3 
0.4 
1.6 
0 . 4 
0.8 
2.2 
0.46 
0.8 
0.6 
0.56 


I' velocity of sound in gases at constant pressure incre 

be computed tor other temperatures. ' can 

ponds 'on ’th^{rSn-v''Thf Pressures) the velocity of sound de- 
Um frequeng-.”*'^^^ which "the vldo^Uy i s'JracU ciily tlfdJpeSf of 



ound Frequency Spectrum 


g. 24 gives the spectrum of sound 
encies divided into octaves us is 
unary in music. Ihe piano, key- 
i is 'depicted alorii'iside the 
rum; it covers piractically all the 
eacics U'C-d in music, 'the ratio 
le frequencies of two musical 
s is called an interval. An octave 
n interval with a frequency 


Fig. 23. 






rence 


(frequencies be!o 
bound oi fieartbe: 


_ A^oices of human being' 
uirds, insects. Sounds of 
I Ural phenomena (wind 
flowing water, etc.) 


sonic fault detection ii 
concrete, etc. Ultrasonic 
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Velocity of Water Surface Waves 

At wavelengths (less than 2 cm) the decisive factor- i= 

suriace tension: such waves are caWaA capillcinj waves. ' ' ' 

At greater wavelengths the decisive factor is gravity and the wtn- 
art- called gravity waves. The velocity of surface waves depends V 
t' if the depth of the liquid is sufficient;] 


3Sr 

- 
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1 




r,— ' 
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Fig. 26. Dispersion of surface waves 
(A>0.5).). 

Loudness of Audibly Perceived Sounds 

Fig. 27 gives the curves of intensity of sounds of equal loudness 
The upper curve corresponds to the threshold of feeling, the owS« 
Sc s5all.‘ a^’dibility. The frequencies are plotted on a Cit£ 





seta 


4t B.i' a.<> 0.60.3! '<? i S Sk 
lnJemit}, usWcm* 

Fig. 29. Acceleration oi particles 
oi water in propagation of sound 
waves. 


Jhtensity, wiiffs/e,v‘ 


Fig. 28. Displacement of partic- 
les of water in propagation of 
sound waves. 


6 / U giOOiiSt - f"'' 


Vciocitv of particler, of 


i.ibth.') AND GRAPHS j>I 

Dlspiacernent, Velocjiy and Acceleration of Water Particles 
due to Passage or Sound Waves of Various Intensities. 

r’gs. p.->, 29, 30 give the amplitudes of tiie displacement, veloritv 
and acceleration, i._oiTipiited Horn formulas {3, 1C}, (3,17) and (3,18). 
ilie compLiUinoiis iiave been carried out for (i'iy=1.5 X 10^^ g'cm“ sec. 
The scales on both axes are logarithmic. ' 
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Table 60 

Sound Intensity and Sound Pressure Corresponding to the 
Main Frequencies of the Decibel Scale 


Decibel 

scale 

Sound 

intensity, 

watt/cm* 

Sound 

pressure, 

dynes/cm2 

j Sounds of the given intensity 

__ ^ 
0 

10-16 

0.0002 

1'. Threshold of audibility of the 

1' human ear. 

10 

10 - IS 

0.000G5 

1 Rustle of leaves. Low whisper at 

1 a distance of 1 m. 

20 I 

10-1 i 

0.002 

i Quiet garden. 

. .".30, i 

1 0 - 13 

0.0065 

Quiet room. Average sound level 
in an auditorium. Violin play- 
1 ing pianissimo. 

40 

10-12 

0.02 

Low music. Noise in a living 

1 room. 

50 

10-»' 

0.065 

1 Loudspeaker at low volume. 
Noise in a restaurant or office 

1 with open windows. 

6Q 

10-Jo 

0.2 

Radio turned on loud. Noise in 
a store. Average level of speech 

1 at a distance of 1 m. 

70 

10-3 

0.645 

Noise of a truck motor. Noise in- 
1 side a tramcar. 

80 

10 -s 

2.04 

' 

1 Noisy street. Typists* room. 

90 

10-2 

6,45 

Automobile horn. Large sympho- 
ny orchestra playing fortissimo. 

100 

j 10-« 

20.4 

Riveting machine. Automobile 
siren. 

no 

, 10-5 

64.5 

Pneumatic hammer. 

120 

10-* ■ 

200 

Jet engine at a distance of 5 m. 
Loud thunderclaps. 

130 

10-3 

645 

Threshold of feeling, sound is no 

1 longer audible. 
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Table 61 

Reflectior!! Coefficient of Sound Waves for Various 
Interfaces (at normal incidence), % 

The rslledion coefficient is defined as the ratio of the intensities of 
: reflected and incident sound vraves. 


sfornier ,oi 


Notes. 1. The reflection coefficient is the same for sound passing 
Irom mercury into steel and vice versa. 

2. Upon reflection from a plate the reflection coeificient depends 
on the ratio of the thickness of the plate to the wavelength- 


Table 62 

Absorption Coefficient of Sound in Different Materials 
(upon Reflection) 

The absorption coefficient of sound (upon reflection) is defined as the 
■atio of the energy absorbed to the energy incident on the reflecting 
iurfae'e. ■; :: 


Frequency, 

Material 

125 

250 

500 

1 ,000 

2,000 

4,000 

Brick wall (unplaste- 

0.024 

0. 025 

0. 032 

0.041 

0.049 

0.07 

Gottou material . . . 

0.03 

0.04 

0. II 

0. 17 

0.24 

0.35 

Glass, sheet 

0.03 


0,027 


0.02 


Glass wool (9 cm 
thick) . . , . . , . . . 

0.32 

0.40 

0.51 

0.60 

0.65 

O.GO 

Hair felt (25 mm 
thick) 

0.18 

0.36 

0.71 1 

0.79 

0.82 

0.85 

Marble 

0.01 . 


0.01 1 


0.015 i 


Plaster, gypsum . . . 

0,013 

0.015 

0.020 ! 

0.028 

0.04 : 

0.05 

Plaster, lime 

0.025 

0.045 

0.06 

0.085 ■ 

0.043 

0.053 

Rug with nap .... 

0.09 

0.08 

0.21 

0.27 

0.27 

0.87 

Wooden planking . . 

0,1 0 

0. 11 

0.11 

0.08 

0.082 

' 0. 11 

1 


ELECTRICITY 


A. THE ELECTROSTATIC FIELD 
FUNDAMENTAL CONCEPTS AND LAWS ' 

There are tivo kinds of electric charges — positive and neg- 
ative. Positive charges are the kind which are generated on 
a glass rod which has been nibbed with silk, and aho 
charges which are repelled by them. charges are the 

kind which are generated on an ebonite rod when rubbed 
with fur, and also the charges which are repelled by them 

Like charges repel each other, unlike charges attract each 
other. 

Interaction of charges. Electric field. The law of intera- 
ction of point charges was established e.xperimentallv bv 
Coulomb: ^ j ? 

(4,i) 

where F is the force of interaction, g, and — the magni- 
tudes of the charges, r — the distance between them and 
s — a quantity called the dielectric constant of the medium 
In the case of vacuum the dielectric constant is denoted bv 
Sq, and formula (4,1) takes the form 


-M? 


(4,2) 


In the CGSE system of units 8a=I: in the MKSA svstem 
So= 1/9 X 10'' farad/m. “ 

The CGSE unit of charge is defined as that charge which 
when placed 1 cm from an equal charge in vacuum exerts 
a force of 1 dyne. The practical unit of charge 
(MKSA system) is the cou/omh: 

1 coulomb=2.99793x 10® CGSE unitss^axlO" CGSE units. 
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The niagiiiiude of any electric charge is always a multiple 
Oi ^ ce‘ruiin iiiiniinuni cnarije, called (he cleinctilcwu ciuirp'^ 
(t,’); £'--=4.8xlO“’''_a3SE units. 

region^ ip Vvhicli electric forces act is called an slcctfic 
field. Eleci-i'ically cliarged bodies are always surrounded bv 
an electric field. The field due to fixed charges is called an 
eiearo:>uiiic Jield. The force acting on unit positive 
charge placed at a given point is called the iriiensili/ o! the 
slociric iieid at that point: 


The intensity is a vector quantity. The direction of the in- 
tensity coincides with that of the force acting on a positive 
charge. The field intensities due to two separate electric 
charges are added according to the parallelogram law ie 
by vector methods. / • ., 

The electrostatic field intensity of a point charge is 


where r is the distance from the point for which the inten- 
sity is sought to the charge. 

The electric field intensity of a uniformly charged sur- 
face IS : . 


where a is the charge per unit surface. 

_ The electric field intensity of a uniformly charged sphere 


i'here r is the distance from the point for which the inten- 
sity is sought to the center of the sphere. 

The electric field intensity of a charged cylinder is 


vhere q’ is the charge per unit length along the axis of the 
:ylinder, and /■ is the diMance from the point of interest to 
die axis of the cylinder. 



CH. IV. ELECTRICITY 


riiG lines of force of an electric field are definoo a 
liio laiigeiits io which at each point coincide 




Fig. 31. Lines of force of point charo-ec,- 
a) positive, £t) negative, 





Fig, 32. Lines O field of two unlike point charges, 

&) field of two like point ^charges. 



Fig. 33. Electric field of parallel plate con- 
denser. 

jntensJty vector. The lines offeree of varioir, 
eLctnc fields are illustrated in Figs. 31, 32 and 33 
.t,' • « potential. When a charge is displaced under 
the intlucnce of an electric field work is performed In an 
electrostatic field the magnitude of the work performed is 
independent of the path of the charge. The w-ork performed 
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by the electric forces in moving unit positive charge from 
one point to another is (iefined as potential difference 
beiv.een the t'.\o points lU}. The potential at a point is de- 
fined as the potential difference behwen that point and an 
arbitrarily chosen point of zero potential The point of zero 
potential is frequently taken at infinity. The work of dis- 
p lacement of a charge q in an electrostatic Held is 


The uni-t of potential in the MKSA system is the volt (v), 
defined as the potential difference between two points when 
work equal to 1 joule must be performed to bring 1 coulomb 
of positive charge from one point to the other. A surface, 
ait points of which are at the same potential, is called an 
eqiii potential surface. 

The lines of force of the field are perpendicular to the 
equipotential surfaces. No work is done by the electric forces 
in moving a charge from one point to another on an equi- 
potential surface. Let A and B be two points of the field; 
then the following approximate relation exists between the 
intensity of the field at the point A and the potential dif- 
ference between these points: 


where LU is the potential difference between the close-Iving 
points A afid 5, and LI is the distance along the line’ of 
torce between the equipotential surfaces passing through 
these points. 

if the electric field is homogeneous, i.e., if the intensity 
is constant in magnitude and direction at all points of the 
field (for example, in a parallel plate capacitor), then 


is the length of the line of force. In the MKSA 
«e intensity is expressed in volts/meter (v/m). 1 v/m 
to the intensity of a homogeneous field in which 
liia! difference between the ends of a line of force 
; is equal to i v. The potential difference per unit 


7 



in a homogeneous field is cailec 

v=s yo'c.,S‘=;he'“/a".cLr;sr^ •■’' 
ALfTJi;,ST*" ‘'™ ‘=--yoppcsi.„h.rg« 

The capacitance of a capacitor is defined as thp t 


aqS'to "the o"pacftaS“o^^"^c'=pL!l'or 'r-"' ' 

fcrence hetwecn whose plates is ea^iTtn i dif- 

(on one of the plates)1s 1 cZoloSib The CQSf'L'^' 
pacitancc is the centimpten (cm) ’ ^ 


,s is the surface area of orre plate (the smaller one in 
conLntT the plates, 

of a cylindrical capacitor and of a coaxial 
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2nd outer spheres 

ice 01 a two-vvire line is ^ 


where d is the distance between the axes of 1 
their radius, and I — the length. 

The capacitance of a multiple capacitor is 
£._ l^-088eS (n — 1) 

- _ ^ 

where 5 is the area of one plate. /? — the nun 
d ~ the distance between two adjacent plates. 

If capacitors of separate capacitances C 
are connected in parallel the capacitance 
system is 

^par=C'i -j- ^2 -f~ C3 , -f- 

for a system of capacitors connected in serie 
tance is 


wires, a 


+ (iI7) 

a charged capacitor is given by the 


The energy stored in 
formula 


The spac-e m which an electric field exists conta’ 
energy. The energy in unit volume of a homogene 
{energy density) can be computed by the formula 


where E is the field intensity 


inhomogeneous field one defines the 'energy den- 


100 
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Conductors and insulators in an electric field. When 
a conductor is placed in an electric field charges oi unlike 
sign are induced on it (charging by induction). These charges 
are distributed over the surface of the conductor in such 
manner that the intensity of the electrostatic field inside 
the conductor is zero, and the surface of the conductor is an 
equipotential surface. 

"insulators (dielectrics), when placed in an electric field, 
become polarised, i.e., the charges of the molecules are 
displaced in such manner that their external electric field 
resembles the field of two un- 
<? ■ ^ like point charges of equal 

magnitude (see Fig. 32, a). 

In general, a system of charges 
whose external field resem* 
hies the field of two unlike 
point charges of equal magnitude 

Fie, 34. Electric dipole. ^ (P‘8- 

The dipole is characterised by a vector quantity called the 
electric dipole moment (p/): 

Pi=ql, (4,20) 

where I is the distance between the charges. 

The direction of the vector p,- is taken from — q to q. 
The vector sum of all the moments of the elpientary dipo- 
les in a unit volume is called the polarisation of the di- 
electric: 

P=SPi (“.21) 

The molecules of some dielectrics are dipoles even in the 

absence of an electric field. In the case of such substances 
polarisation consists in an alignment of the elementary 
dipoles in the direction of the field. 

Ferroelectrics (seignette-electrlcs). Some dielectrics even 
in the absence of an electric field contain small (microscopic) 
regions which are polarised in different directions. Such 
dielectrics are called ferroelectrics . The magnitude of their 
polarisation is characterised by the vector of intrinsic 
(spontaneous) polarisation p^. The properties of a ferroelectric 
(e its dielectric constant, etc.) depend on the magnitude 
of the vector /^.y. The dielectric constants of ferroelectrics 
are usually large and depend to a considerable degree on the 



' •»- ! 



TABLES AND GRAPHS 


infensiiv of the electric field A t 

electric |irr,perliei at temperatures \vh1S' 
a certain te.i.perature called 111^0,^8 

The piezoelectric etf’ect. Unon flip i ^rr 

of some crystals along given directinne 

opposite sdgn appear “„{di1?eremtSf of If 

insicie the crystal an electric field a ^ 

direction of the deformatioi causl I Snl . 

the charges. This phenomenon is caHed '^fhe 
eliact. The piezoelectric effect is fi pl'M! P^^-oelecinc 
a crystal is placed in an electric field 
change. The inverse piezoelectric effect iLilfSed f 
ultrasonic frequencies. The mao-nitude / ^'^S^nerate 

arises in the piezoelectric eilecl is given bfthf feWil ’ 


where F^. is the force 
slant for the given cry* 
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Insulating Materials 


Table 64 


Asbestos . 
Bakelite . 
Beeswax . 

Birch, dry 
Bitumen . . 
Carbolitfc (P) 
Celluloid . . 
Ebonite (RP) 
Eskapon (P) . . . 
Fibre lioard, drv 
Fluoplastic-3 . . 
Getinax (iami 

riated insul- 

lion) (P) ... 

■Glass 

Gutta percha . . 

Marble 

Mica, muscovite 
Mica, phlogopite 

Paraffin 

Plexiglas . ... . 
Polystyrene . . . 
Polyvinyl chlo- 
ride resin . . . . 
Porcelain, 
trical . . 

Pressboard .... 
Radioporcelain (C) 
Rosin .... 
Rubber, soft 
Shellac . . . 

Sjlk, natural 
Slate .... 
Te.xtolite . . 
Ticond (C) .... 
Ultraporcelain (C) 
Vinyl plastic (P) 



tiaffiffercnce^wh/^cin''hl*?"®^^^ maximum poien- : 

its inSaTing a dielectric without dest^ying 

-plastic, (C) — ce- 


(P)- 


its insulating properties. 
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Dlelecfrlc Constants of Some Pure Liquids (CGSE 
System of Units) 


of impurities h; 
c coustarit. 


negligible effect on 


Table m 


Dielectric Constants of Gases at 1S°C 
and Normal Pressure 


Note. The dielectric constants 
In the temperature, and increas 


decrease with an increase 
dlh an increase in the pressure. 


Substance 

0°C 

10°C 

•J'l 

20“C 

niperat 

25=C 

Lire 

30“C 

40°C 

50=C 

Acetone . . . . . 

23.3 

00 5 

21.4 

20 . 9 

20.5 . 

19.5 

IS.7 

Benzene . . . . . 
Carbon tetrachlo- 

— 

2.30 

2.29 

2.27 

2. 20 

2,25 


ride ....... 



2.24 

2.23 


2.00 

2,18 

Ethyl alcohol . . 

27.88 

26.41 

25.00 

24.25 

23.52 

22.16 

20. S7 

Ethyl ether . , . 

4.80 

4. 58 

4.38 

4.27 

4.15 



Glycerine ..... 



56. 2 





Kero.sene ..... 



2.0 





Water 

87 . 83 

83.86 

80.08 

78.25 

76.47 

73,02 

69.73 


Substance j 

s (CGSE) 

Substance 

£ (CGSE) 

Air . 

1.00059 

Nitrogen . . . . . 

i. 00001 

Carbon dio.xide , 

1 .00097 

Oxygen 

1,00055 

Helium 

1 . 00607 

Water vapour . . 

1.0078 

Hydrogen .... 

1.00020 
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Table 67 


Some Properties of Ferroelectric Crystals 




S§I 

s 

Crystal 

a 

o|=§ 



0 

.2 "S '2 « 

yi- 



> s-c-y 

"3 rib 
c22 

NaK (C(H 40 ^)* 4 H 20 (Rochelle 
salt) 

297 (upper) 
255 (lower) 

800 

200 

I-laK <C,H2D20 ,o-4D20 

308 (Upper) 
249 (lower) 


_ 

LiNH. (CJ-Ii0.,)-H20 

106 

03 0 

- 

KH 2 P 0 ( fpotassium di hydro- 
phosphate) 




123 

10,000 

■ 45 

RbHaPO, 

147 


K H 2 AsO« 

NHiHbPOi (ammonium dl- 
hydrophosphate) 

96.5 1 



“ ■ 

- 

58 

BaTiO., (barium titanate) 
KNbO, 

391 

708 

48.000 

1 .000-1 ,700 

NaNbO. 

913 



LlTlOj 


70,000 



Notes. I. Ferroelectri cs are divided i nto three groups according to 
their chemical lormulas. ^ 

2. Some ierroelcctrics exhibit their specific properties within 
a given range of temperatures. For these the table indicates the 
upper and lower Curie points. 

3. Tlie values of the dielectric constants are given for weak fields, 

4. The symbol D denotes heavy hydrogen fdeuterinm). 



Fiff. 35. Tpnipcratiirc: di-pendenco ot 
dielectric constant of Rochelle salt. 
The two ciirvcr. correspond to (wo 
different valuesoi the field intensity. 
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Piezoeleciric Co.-Kstants of Some Crvsials 


'Hi urn pliosphatc t'A;iP) 

=ed barium litanaic; ((.Tamlc' 
lum phosphate 


Tourmaline . 
Zinc blende . 




B, THE ELECTRIC CURRENT. DIRECT-CURRENT 
CIRCUITS 

fundamental concepts and laws 

1. Electric Current in Metals 

elearic current. In metalf th?Sge?a7dm a^-TeIectr?ns 

negatively charged particles whose charge is equll o 

the currentifarbitrar Iv 

aiivelhaJgesmo'r^^ ^'’^ich the neg": 

fnJ\-n through a cross-section of a condiir- 

instant f. Tot thZnstantJi^o^ cuLTHs dSnTfa^Tie ^imit 

: (■J.SS) 

V ^ current equal charges pass through a cm^- 
section oi the conductor in equal time intervals? The unit 


FUXDAMEKTAL concepts and laws if'? 

of curpnl in ihe MGSA system is the ampere, defined as a 
rate oi flow or one coulomb per second ^ *ennea as a 
Vexe curreni denmty (,) is defined as 'the current nassina 
rnroiiah a rimt cross-sectional area of the conSor Thf 
pracocal unu of current density is the arnpere'cm== Ve a 

SfecUorS t"" ‘ 

The current density is 

I~nev, 23 % 

svhere. n is ihe number of charge carriers in unit volurrm' 
fhTcarrS"^'" ~ velocHy of 

If there are charges of ditlcront sign and magnitude nre- 
eni, he total current (iensily will be equal to the sm of 
lire densities due lo the different kinds of charges 

(4,24) 

The following relation also holds 

j=aE, (4 25) 

where E is the electric field intensity inside the conductor 
and o IS the conductivity of the conductor (see below! 

The current is a scalar quantity, the current densilv-a 
vector quantity. ^ 

For an electric current to flow in a closed circuit there 
must be forces other than electrostatic forces acting on the 
charge carriers. Any device which gives 
f _ rise to such forces is called a current 

j- 4 hi;; source or electric generator. 

I electric circuit is composed of a 

\i current source, connecting wires and in- 
struments (or other devices) in which the 
■ — u current perforins work (Fig. 38). Work in 

— 211 electric circuit is performed by forces 
of a non-electrostatic nature which keep 
Fiji. 38. Simple 2 Constant potential difference across 
electric circuit. the terminals of the source. 

The electromotive force (e.m.f ) of a 
source of electric energy is defined as the work done in car- 
rying unit electric charge around a closed circuit in which 
no current is flowing. The electromotive force is niea.sured in 
the same units as the potential difference (for example in 
■volts).;' :■ ■. ■: ’■ .■ 


r 
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Odtn's Ia:v for a ‘Section of a circuit whirl] ilur- r.,! 
contain eiectromoti\c- forces was establishod bv 8 .\p 9 ' i-n''iV;!i 
observation: ihe lurreni in a conductor /s proportional lo'rhn 
potential diijerence het-joeeri its ends, i.e., 

. U 

(4.20) 

The constant of proportionality in Ihis jaw ~ is called 

the conductance. The quantity R is called the resistance; it 
depends on the "friction” which the charqe carriers rrinst 
n\crcomo in their motion through the medunn. Conductors 
in y.hich current is due to tlie inotion of free electrons are 
called electronic conductors. 

Ihe unit of resistance is ihe ohm. 1 ohm is the resist- 
ance of a conductor having a difference of potential between 
its ends equal to 1 volt when a current of i ampere flows 
•through it. 

The resistance of a wire conductor (of constant cross- 
section) is 

(4,27) 

where p is the resist ioity, defined as the resistance of a con- 
ductor of unit length and unit cross-sectional area, I is the 
length of the conductor, and 5 — the cross-sectional area. 

The quantity <s=-- is called the conductivity. The unit of 

resistivity in the MKSA system is the ohm m. In electrical 
engiiieering^ I is expressed in m, the cross-sectional area 
5 — in mm®; hence p is expressed in ohm mm®/m 


1 ohm - 


=10® ohm m. 


The resistivity of most metals increases with the temper- 
ature. The dependence of the resistivity on the temperature can 
be represented approximately by the relation 


?i~?a (1 + ctO 


(4,28) 


where p^ is the_^ resistivity at the temperature t, p^ — the 
resistivity at 0°C, and a — the temperature coefficient of re- 
sistivity; this, coefficient is numerically equal to the ratio of 
the change in resistivity caused by heating the conductor 
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the initial resistivity. The resistivity of some me- 
y jow Temperatures drops suddenlv’and becomes 
zero. ihi.s phenomenon is called superconductivity. 
isistofs are connected in series the equivalent re- 
; is equal to the sum of the separate resistances 


dors connected in parallel: 


Ohm’s law [or a section of a circuit containing e.m.f. For 
a section of a circuit containing an e.m.f. the following 
relation, called Ohm’s law, holds: 


where /? is the resistance of the section, U — the potential 
difference between the ends of the section, and S — the e.m.f. 

It should be borne in mind that both g, and U may be 
positive or negative. The e.m.f. is considered positive if it 
increases the potential in the direction of 
cur.renl flow (the current Hows from the 
negative terminal to the positive terminal .f. ^ 

of the source); the potential difference is j — 

considered positive if the current inside • ' 

the source Hows in the direction of de- ^ ^ 

creasing potential (from the positive to — 

the negative terminal). For e.xarnple, in 
charging an accumulator (Fig. 39) the 
charging current l|l{ 


dafterj^ 


wherr; U is the potential difference across 

the ienninals of the .source, — the ciJt. ^ 

e.m.f. of the iicciunulaior being 'charged, 

/t’jii.,. — iiie resistance of the accumulator (the resistance of 
ihe conuccling wires is neglected). 
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the section of the circuit ADB we have in the same 


^"ch — ” 


where ^source the e.m.f. of the source, and R~ — - ift; 

internal resistance. ' 

For a closed unbranched circuit the relation 74 an f.i 
on the form (in this case U—Q) ' ’ " 


‘=-R> (-1,32) 

2? is the sum of the resistance of the external circuit 
the internal resistance of the source. " ' 

Work of electric current. The work performed by an elecirio 
current in a section of a circuit is 


A^iUt, 


(4.33) 


s the time of flow of the current, U — the potential 
across the section, and i — the current 
The work performed by a curfent which appears as a 
change in the internal energy of the conductor (heat) in the 
absence of an e.m.f. in the section of the circuit is 




(4,34) 

The work performed by a current which appears as a 
change in the internal energy of the conductor (regardless 
whether the section of the circuit includes an e m f or 


A=i^Rt. 


The unit of work (or energy) in electrical engineerincr is ■ 
the matt -second, or joule, defined as the work performed ' 
when a direct current of 1 amp flows through a potential i 
ditfcrence of 1 v in 1 sec. Another practical unit of work 


the kilowatt-hour (kw-hr). 
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First law; the algebraic sum of the currents flowing into 
a junction (or branch point) is zero. For example (Fig. 40), 

h ~h 4 +■ h — D,— 0 

Second law: the algebraic sum of the products of the cur- 
rents by the respective resistances around a closed loop is 
equal to the algebraic sum of the e.m.f.’s in the loop. 

To apply this law to a loop we consider those currents as 
positive whose direction coincides with an arbitrary direction 
around the loop. An e.mi. is considered positive if the 
arbitrary direction around 

the loop coincides with the '-J}trscfmsf reference 

direction of the e.m.f. of tie 
current source (the e.m.f. uf 
a current source is directed 
from the negative terminal to 



the positive). For example (Fig. 41), 

~ Sa- 
por similar sources connected in series 

/{m'„ + /?)=«!, (4,36) 

where n is the number of sources, — - the internal resist- 
ance of a source, — the external resistance, g — the 
e.m.f, of a source. 

For n similar sources connected in parallei 




2. Current in Electrolytes 


(4,37) 


Solutions of acids, bases and salts in water or in other 
solvents are called elect r fjhjt es. h\o\tm are also char- 

acterised by electrolytic conductivity. The current in electro- 
lytes is carried by ions which are formed when the substance 



CH. IV. ELECTRICITY 


passes into solution. Ions are positively or necTUivc-iy 
charcjed parts oi molecules. 

The current density due to ions of both signs is 

/— - (4,38) 

where n-j. is the concentration of positive ions, e the 
charge of an ion, t'+ the drift velocity of the positive 
ions^ n_., v_ — the concentration and drift velocity of the 
negative ions. 

The mobility of the ions is defined as the average drift 
velocity which an ion attains in a field of intensity I vjcm. 

The current density can be expressed in terms of the ion 
mobilities and u_: 

j=:(n^u^ n_a_) eE. (4,39) 

Ohm’s law holds for electrolytes. The decomposition of an 
electrolyte by an electric current is called electrolysis. 

Faraday’s iirst law. The mass of any substance liberated 
■ at the electrode in electrolysis is proportional to the total 
quantity of charge Q passing through the electrolyte: 


The coefficient of proportionality K is called the electroche- 
mical equivalent and is equal” numerically to the mass of 
a given substance liberated when unit quantity of charge 
passes through the electrolyte. 

Faraday’s second law. The electrochemical equivalent of 
a given substance is proportional to its chemical equivalent: 


where 2 the chemical equivalent is defined as the ratio 

of the atomic weight of an element to its valence. The 
constant C is the same for all substances and has the di- 
mensions g/g-equiv. 

The faraday. The same quantity of electric charge, equal 
to 06,500 coulombs, when passed through a solution of an 
electrolyte, will liberate a mass of substance equal tn the 
chemical equivalent of that substance. This quantity of 
electric charge is called the. faraday; 
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An electric current in vacuum (foi' example, in thermionic 
lubes) is due to the motion of s^iectrons or ions which 
escape from electrodes placed in a vacuum. 

In order to remove an electron from a metal work must 
be performed; this is known as the work function. 

When a metal is heated it begins to emit electrons. Thin 
phenomenon is called ihermiotiic emission. .4n electron 
can escape from the metal if the following condition is 
fulfilled: 


I 


{-1,43) 


where tn is the mass of the electron, — the projection of 
the thermal velocity of the electron on to the normal to the 
surface, and (p — the work function. 

The maximum value of the thermionic current is called 
the saturaiion current. The density of the saturation current 
in thermionic emission is; 




(4,44) 


where A' is a constant which is different for different met- 
als, r— the absolute temperature, — Boltzmann’s con- 
stant (seep. 58) and 2.72 is the base of the natural loga- 
rithms. The quantities A' and qp are sometimes called the 
emission constants. 

According to the theory, A' should be the same for all 
pure metals (60.2 amp/cm^ degree®). Actually, however, it 
varies with different metals. 

The so-called oxide cathodes have found wide application 
in practice. These cathodes are prepared by coaling a metal 
base with barium oxide or an oxide of some other melal, 
which considerably decreases the work function. 

Dielectric breakdown. When a large potential difference 
is applied to unheated electrodes placed in a gas, a dis- 
charge in the form of a spark may take place. This pheno- 
menon is called breakdown. The potential difference required 
to cause breakdown depends on the material, shape and di- 
mensions of the electrodes, on the distance betw'ccn Iheni, 
and also on the nature and pressure of the gas. 
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In the case of large flat electrodes the breakdown poten- 
tial for a given gas and electrode material depends only on 
the product pd (where p is the pressure of the gas,” and 
d — the distance between the electrodes). In other words, 
if p and d are varied in such manner that their product 
remains constant, the breakdown potential will not change. 

The distance between the electrodes at which breakdown 
occurs at a given potential difference is called the spark gap: 
The length of the spark gap is a measure of the potential 
difference between the electrodes. 

4. Semiconductors 

Semiconductors are substances whose electrical conductivity 
is due to the motion of bound electrons and whose resist- 
ivity at room temperature lies within the range from 10"“ 
to 10® ohms cm. The resistivity of semiconductors is strongly 
temperature-dependent. In contradistinction to metals the 
resistivity of semiconductors decreases with an increase in 
the temperature. The resistivity of semiconductors depends 
strongly on the presence of impurities. 




Fig. -42. Electron energy level 
diagram of semiconductor. 


Electrons in matter are distributed about the atomic 
nuclei in such manner that any atom may possess only 
a discrete set of energy values. Every electron can occupy 
certain definite energy levels, which are different from the 
energy levels of other electrons. These energy levels are 
called allowed levels. The allowed energy levels fail into 
two regions, or bands, which are separated by the so-called 
forbidden gap containing the values of energy which are 
forbidden to the electron. At the temperature Q°K all the 
electrons are in the band of lowest energies, and all^ the 
energy levels in this band will he occupied (Fig. A2). Tins 
band" is called the valence band The second band (the con- 
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ductioti band) of the non-metallic elements does not coniain 
a single electron at 0°K. In metals the conduction and the 
valence bands overlap. 

The energy required for an electron to pass from the 
valence band to the conduction band is called the muh// uf 
the forbidden gap Semiconductors possess either 

electron (n-type) or hole (p-type) conductivity. Electronic 
conductivity is due to the motion of the electrons in the 
conduction band; hole conductivity is due to electrons in the 
valence band moving from one atom to another which has 
“lost” an electron to the conductioji band. The motion of an 
electron in the valence band is equivalent to the motion of 
a positive charge in the opposite direction. Such a positive 
charge is termed a “hole”. 


5. Thermoelectricity 

If a closed circuit is composed of two dissimilar metals 
and the junctions of the metals are maintained at different 
temperatures, a current will tlow in the circuit. This current 
may be attributed to a thermal e.m.f. developed at the 
junctions, and the phenomenon itself is called the thermoe- 
lectric effect. 

Within a certain temperature range the magnitude of the 
thermal e.m f. is approximately proportional to the tempera- 
ture difference. In this case 

Er^a{r,~T,). 

The quantity a is called the differential thermal e.m.f. (or 
the coefficient of the thermal e.m.f.); it is numerically 
equal to the thermal e.m.f. developed per degree centigrade. 


TABLES AND GRAPHS 

Electric Currents and the Earth’s Atmosphere 

The experimentally measurecl density of the vertical current f 
, . vert 

(clue to tlie motion of positive and negative ions in the atmosphere) is 

•'vert"^"'‘^^‘^”‘" 

The density ol lie currents due to the inution of charged raiii^ 
drops, snowflakes unci hail is: ' 
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10—! CGSE unttf 
hail -up (o iix 


of cllrrent■’ 
0~^‘ CGSEi: 


discharge lasts about lO"!* 
the diameter of the channel 


Table 69 

Resistivity and Temperature Coeftkient of Resistivity 
of Metals 


Resistivity 
at aO^C, 
ohrn mm=/in 


Temperature 
coelficient 
at ;20"C 


Metal 


Alunii nium . . 

Brass 

Chromium . . . 

Copper 

Iron 

Lead 

Mercury .... 
Molybdenum . . 

Nickel 

Phosphor bronze 

Silver 

Tantalum. . . . 

Tin 

Tungsten .... 
Zinc 


0.0039 

O.OOG2 

0.0041 

0.0009 

0.0033 

0.0050 

0.0040 

0.003Q 

0.0031 

0.0042 

0.0045 

0.0035 


Note. The values given in the table arc average values; for diffe- 
nt samples they depend on tbe degree of purity, thermal treatment * 

The temperature coefficient of resistivity of pure metals is close 
r273 = (.'. 00367, i.e., to the value of the coefficient of therraai 
:pansion of gases. 
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Table 70 

Transition Temperatures to the Superconducllng 
State for Some Metals 


Substance 

Transition 
temperatu- 
re. “K 

Substance 

temperatu- 

re. 

Metals 


Sn-Hg 

4.2 

Zirconium 

0.3 

Pb - Ag 

5.S-7.3 

Cadmium, 

0.6 

Pb Sb 

6.6 : 

Zinc 

0.8 

Pb-Ca 

7,0 

Aluminium 

1.2 

Compounds 


Uranium . 

1.3 

NiBi 

4.2 

Tin .......... 

3.7 

PbSe ......... 

5.0 

Mercury 

4.1 

SrBia . 

5.5 

Tantalum 

4.4 

NbB 

6 

Lead 

7.3 

MoC . 

7. 6-8. 3 

Niobium 

9.2 

NboC . 

9.2 

Alloijs 


NbC 

10.1-10.5 

Bi-Pt 

0.16 

NbN 

15-16 

Pb - All 

2. 0-7. 3 

V.,Si 

17.1 

Sn — Zn 

3.7 

Nb,Sn 

18 

Pb-Hg 

4. 1-7.3 




Notes. 1. There are a number of auperconducti ng alloys containing 
a greater number of components: Rose’s metal (8.5®K), Newton’s 
metal (8.5°K), Wood’s metal (S-S'K), Pb-As- Bi (90“K;), Pb-As — 
— Bi -Sb (9.0°K). 

2. Upon transition to the superconducting state the resistivity of 
compounds and alloys varies throughout a wide range of temperatures 
(sometimes as wide as 2°K)- In addition the transition tempera- 
ture depends on the heat treatment of the alloy or compound. In 
such cases the table indicates the bounds within which the transition 
temperature lies. 



Table 71 

Alloys Of High Ohmic Resistance 


Alloys 

Resistivity 
at 20°C,' 
ohm mm"/'ni 

Temperature 
coefficient 
(in the range 
0-100=0 

Maximum 

operating 

temperature, 

°C 

Constantan (58. S% 

Cu, 4 0% Ni. 1.2% 
Mn) 

0.-14-0.52 

0.00001 

500 

Fechral (80% Fe, 14% 
Cr, 6% Al) . . . . . 

1.1-1. 3 

0.0001 

900 

German silver (65% 
Cu,20%Zn, 15% Ni) 

0.28-0.35 

0.00004 

150-200 

Manganin (85% Cu, 
12% Mn. 3%Ni) . . 

0.42-0.48 

0.00003 

too 

Kickeline (54% Cu, 
20% Zn, 26% Ni) 

0,39-0.45 

0.00002 

150-200 

Niclirome (67.5% Ni, 
15% Cr. 16% Fe, 
1.5% Mn) 

1. 0-1.1 

0 . 0002 

1,000 

Rheostan (84% Cu, 
12% Mn. 4% Zn) . . 

0.45-0.52 

0.0004 

150-200 


Note. The value ot the temperature coefficient of resistance of con* 
stantan varies from —0.00004 to -4-0.0000 i depending on the sample. 
The minus sign before the temperature coefficient denotes that tha 
resistance decreases with increasing temperature. 


Table 72 

Allowed Current-Carrying Capacity of Insulated Wires 
for Prolonged Operation (amp) 


Gross-sectional 
mm“ ! 

Material 

1 

1.5 

2.5 

4 

6 

10 

16 

25 

Copper . . 

11 

M 

20 

25 

31 

43 

75 

100 

Aluminium - ....... 

8 

1 1 

16 

20 

24 

34 

60 

80 

iron . . - . . . • • • . ■ • 



8 

10 

12 

17 

! 30 

i , '■ 
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Resistivity of Electrolytes at I8"C and 
Concentrations (see Fig. 43) 


Solute 

Concentra- 

tion, 

Resistivity, 
ohm cm 

Temperature 

coefficient, 

X (degree -»’) 

Ammonium chloride 
NH,G1 

5 

10 

20 

10.0 

3 S 

0.01 OR 
0.01S6 

0. 0161 

Copper sitifale, CuSO^ 

5 

10 

17.5 

52.9 

31.5 

23.8 

0.0216 

0 . 021 s 

0.0236 

I-IydrocMoric acid, EICl 

20 

40 1 

r.’s ' 

1.9 

0.0158 

0.0154 

Nitric acid, HNG 3 l 

10 

20 

1 30 

i 40 

1 . 2 . 1 '“™" 

1.5 

1.3 , 

1 . 4 1 

1 

0.0145 

0.0137 

0.0139 

0.0150 

Sodium chloride, NaCl 
(common salt) 

5 

iO 

20 

I 4 . CJ 

8.3 

5. 1 

oTc^*””. 
0.02! 4 
0.0716 

Sodium hydroxide, NaOH 

5 

10 

20 

40 

5. 1 

3.2 

3.0 

8.3 

0.0201 

0.0217 

0.0299 

0,0648 

Sulfuric acid, HoSOj 

20 

30 

40 

■ 

4.8 

1 . 5 
•1.4 

1.5 

0.0121 
0.0145 . 
0.0I62 
0.0178 

Zinc sulfate, ZnSOi 

.0 ^2.4 

31.2 

20 21.3 

0.0225 

0. 0223 
0.0243 


I^ra?£e dLsti net ' f mt?niSs)°’ Tlfe relisU vi t"v f 'or 'o 

which the ix^sVsli Vi ^ ‘‘‘ ‘ ® iomperatLirc for 
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JO W 53 SO 

Comaff/ra/m, % 


ntration dependence 
A aqueous solution 


Table 74 

rhermal Ekctromoiive Force of Some Metal Couples 
in MilUvoIts 


Junction tem- Platinum, platinum 
perature, “C with 10% rhodium 


Copper, 

constantan 


constantan 


reference junction is kept at 0°C. 
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DiiTercntial Theimal e.ni.f. (a) vvllh I?espocl 
to Platinum at 0'"C 


Antimony . . 
Bismuth . . . . 
Constantan . . , 


4 7.0 Copper 7.4 

— iJO.U Iron \(\ 0 

“34.4 Nickel ...... -~16[4 


Note. The minus signs indicate that tlie current in the hot junc- 
ti on flows from the metal with the smaller algebraic value of a 
thermocouple copper-constantan (Fig. 44) the* 
current in the hot junction flows from constantan to copper. 



Fig. 44. Temperature dependence of differential 
tiierraai e.ni.f. of copper-constantan thermocouple. 
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Table 7$ 

Electrochemical Equivalents 


Ion 

Gram 

chemical 

equivalent 

A'. 

mg/coul 

Ion 

Gram 

chemical 

equivalent. 

N, 

mg/coul 


i.OOS 

0.0104 

CO" 

30.0 

0.3103 

o~ ~ 

8.0 

0.0829 


31. S i 

0.3297 

A1 

9.0 

0.0936 

Zn-*- + 

32.7 . 

0.3387 

OH“ 

17,0 

0 . 1 762 

Cl" 

35.5 

0 . 3672 


18.6 

0. 1930 

so;' 

48,0 

0.4975 

Ca+' + 

20.1 

0.20 77 

NOj" 

62.0 

0.642 

Na"'' 

23.0 

0.2388 

Cu"^ 

63.6 

0 6590 

Fe+ + 

27.8 

0.2895 

Ag+ 

107.9 

1.118 


Note. The number of plus or minus signs in the superscript denotes 
the number of elementary charges carried by one ion. 


Table 77 

Absolute Normal Potentials of Some Metals 


Metal 

Normal poten- 
tial, V 

Metal 

Normal poten« 
tial, V 

Cadmium . . . . 
Chromium . . . . 

-0.13 
. -0.29 

0.61 
— 0 . 1 7 

0.15 

Manganese .... 
Mercury ..... 

-1.28 

1.13 

1 0.04 

1,07 

-0,50 

Nickel 

fr”-' 

Si Iver . 

1 

Zinc .... . , , 
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■g'ing and Discharging Accumulators 



charging: «) lead accumulator, 
b) Edison storage cell. 
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Tabk 79 


Mobility of ions in Aqueous Solutions at 18 "C 


Cations 

Mobility, | 

cm*/'sec V 

Anions 

! Mobility. 

1 cm'/sec V 


0.003263 

OH “ 

0.00180 

h 

0.000669 

Cl 

0.00068 

Na'*" 

0.000450 


0.00062 

Ag'^ 

0.00056 

SO^ 

0.00068 

Zii-*-+ ■ j 

0.00048 


0.00062 

' Fe-'- + - I 

0.00046 




Noies. I. Cations are positively charged, anions negatively 
charged ions. 

2. The ionic mobility increases approximately 2% per 1°C increase 
in temperature. 

3. The number of plus or minus signs in the superscripts indicates 
the number of elementary charges carried by one ion. 


Table 80 

Mobility of Electrons in Metals (in cm^sec v) 


Metal 

Ag 

1 

^ Na 

Be 

j 

Cu 

Au 


A1 

Cd 

I.' 

Mobility 

56 

48 

44 

35 

30 j 

19 

10 

7.9 

5.8 


Note. The field intensity inside metals actually does not e.xcesd 
O.OGl v/cm: hence, the electron velocities will be numerically much 
smaller than the values of the mobility given in the table. This can 
easily be verified by means of the relation (4,23) by inserting the 
permissible values of the current density given in Table 72. 
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Mobility oi Sons in Gases at 760 mm Hg and 
20°C {in cm®/sec v) 


Gas 

Positive ion 
mobility 

Negative ion 
mobility 

Air, dry 

1.36 

1.87 

Air, saturated with water va- 
pour 

1.37 

1.51 

Argon ...... 

1.37 

1.70 

Carbon dioxide 

0.76 

0.81 

Helium 

5.09 

6., 31 

Hydrogen 

6.3 

8.1 

Oxygen 

1.36 

1.8 


Notes, 1. The values of the mobility are given for the case of 
ionisation by X-rays. 

2. The mobility of ions in gases decreases with a rise in pressure 
and increases with the temperature. 


Ionisation Potentials (In Electron-Volts) 


Ionisation . 
process 

Jonisaiion i 
potential 

Ionisation 

process 

Ionisation 

potential 

He, -> He+ i 

.24.5 

H-» H-f- 

13.5 

Ne -> Ne+ 

21.5 

O-A-0+ 

13.5 

Ns ->Nt ■■ 

15.8 

H.,0 -> H:0-b 

13.2 

Ar -> Ar + 

jo. 7 

Xe-^Xe+ 

12.8 

Ha 

^ 15.4 


12.5 

N + 

14.5 

Hg-^Hg+ 

10.4 

n 

p 

8 

’=4 

14.4 

Na-^-Na+ . 

5.1 ■ 

ICr j 

13.9 I 

K->K+ 

4.3 . 


I 




I 
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Table 83 

Emission Constants of Some Metals and Semiconducters 


Element 


A'. I 

flrnp Element 

cm= degree'] 


A'. 

amp 

cm- degree 

Aluminium 

3.74 

— Nickel .... 

4.84 

30 

Antimony . . 

2.35 

— Plalinum . . . 

5 .29 

32 

Barium . . , 


— Selenium . . . 

4.72 


Cesium .... 

1.69 

160 Silicon .... 

4 .10 


Chromium . . 

4,51 

48 |TeIlurium . . 

4.12 


Copper .... 

4.47 

— (Thorium . . , 

3.41 

70 

Germanium . 

4.56 

— iTin 

4.11 


Iron ..... 

4.36 

— iTungsten . , . 

4.50 

GO-IOO 

Molybdenum . 

4.27 

60 Uraiiiuin . . . 

3.74 



Note. The work function depends markedly on the cleanliness of 
the surface and on impurities. The figures in the table are for pure 
speci mens. 


Table 84 

Emission Constants of Films on Metals 





A', 

Element i 

1 Film 


amp 

■ ■ ■ 1 


■^[5, 1 

cm2 degree^ 

Tungsten 

Barium 

Thorium 

1.56 

2.63 

1.5 

3.0 


Uranium 

2.84 

3.2 


Cesium 

1.36 

3.2 


Zirconium 

3. 14 

5.0 

Molybdenum 

Thorium 

2.58 

1.5 

Tantalum 


2.52 

0.5 


Table 85 

Emission Constants of Oxide-Coated Cathodes 




■ A', 

Cathode 

^ ■ ■■ 

,<?. ev . , 

arnp 

enPdegree^ 

Barium on o.xidised tungsten 

1.10 

0.3 

Nickel - BuO - Sr O . . ... 

1.20. 

0.96 

Barium — o.xygoii — tungsten 

1 .34 i 

: : 0. IS , 

PI - j\i: BaO -SrO ..... 

1.37 I 

2.45 

BaO on a nickel alloy . . , . 
Thorium oxide-coated cath- 

1.50-1.83 I 

: 0.087-2.18 

ode (mean value) . . . . . 

: 2.59 i 

4.35 
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lies! Irnportanl Semiconductors 
e also Fiss. 46-49) 


Electron 

mobility. 


tiole 

mobilityj 
cm^'sec V 


BoTe,, 

M&'jSn 

Pl)Se 

ZnTe 

PbS 

AgBr 

CdTe 

Cu,0 

AlaOj 

ZnO 


Notes. 1. The values nf the mobili tics are given for room tempe- 
rature and jield intensities loss than the critical I'ield. 

Deviations from Ohm’s law may occur, due to tlic field-depen- 
dence of the mobility. The least intensity for which such deviations 
are observed is called the critical field At /=20°C the critical 

field in 

n-type germanium i?f.j.=900 v/cm 

p-type germanium v;cm 

fz-type silicon ££.,. = 2,500 v/cm 

p-type silicon £cr = ^>^00 v/cm 


.a.scs with decreasing temperature, 
lorbiddcn gap in metal.s is of the order 
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Fitr. <19, Differential tliermal e.m.f. versus temnoratiire: a) lead te 
luride (upper cup'e — concentration of impurity atoms 3.5 X lO^cm” 
lov,<er curve — 0.5 X ■'), f') antimony telluridc (upper curve ■ 

concentration of impurity atoms 5.5 X lO'*^ cm~^, lower curve- 
3.5 X Hjwcm~»). 


Table S7 


Spark Gaps for Air at 760 mm Hg (in mm) 


Two 
•ointed 
wi res 


Two spheres 
of diameter 


trodos 


Potential 
difference, ' 


C. ELECTROMAGNETISM 


FUNDAMENTAL CONCEPTS AND LAWS 


1. The Magnetic Field. Magnetic mductson 

If a freely pivoted magnetic needle is placed near a wire 
carrying current, the needle will be cleHecled (will be orient- 
ed in a certain direction). The forces causing thi.s deflection 
arc called wtagvieA'c forces. . . 
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A region of space in which magnetic forces ncr i--, 
a magnetic field. ■ • 

A magnetic field does not act upon cicctric -n 

rest. .a 

The d/mVm/?. of the magnetic feld is defined as the direc- 
tion of the force acting on the north pole of a magnetic 
needle placed ai the given point of the field. 

riic force acting on a wire carrying current in a magnetic 
field IS deiermined by Ampere’s law; 


A = //5sinP, 

where I is the length of the wire, fi - 


( 4 , 45 ) 

^vue, p -- the angle between 
the direction of the magnetic field and the current in the 
wire; /. and B are expressed in the same system of units. 

The quantity B in equation (4,45) characterises the mag^ 
nitude and direction of the magnetic field and is called the 
magnetic induction. 

The magnetic induction is numerically equal to the force 
which the magnetic field exerts up®n unit length of a straio-ht 

mSr foTKel™'* Pwpendl. 

The magnetic induction is a vector quantity. Its direction 
coincides with the direction of the magnetic field. The mae" 
netic induction depends on the properties of the medium. 
r. 5 (n surrounding a current-carrving wire 

“"“‘'“■••OPPPliiy. Called the 

The field intensity is independent of the properties of the 
medium; it is determined by 
the current and the shape of the 
conductor. 

The quantity = charac- 
li 

terises the magnetic properties 
of the medium and is called 
the permeability of the medium. 

The direction of the force 
acting on _ a current-carrying 
conductor is determined by 
means of the left-hand rule: if the 
open palm ot the left hand is 
placed so that the lines of force 
of the magnetic field enter the 
palm, while the outstretched 



iiasi|i^.»-K«K 


iSlI 


v/hore a is the distance hei'.vcen the conductors and u is the 
permeability of the medium. . ‘ 

Currents fJowinci' in the same direction attract, currents 
liowiny' in opposite directions repel each otticr. 

The fores acting on a moving charge in a magnetic field 
(called Lorentz’ force) is 


f r =eyZ? sin a, 


In the CGS electromagnetic (CG5M) system the fundamen- 
tal units are the ceniimeire, Qram (mass), second, and for 
electric quantities — the permeability. The permeahi-lity of 
vacuum ([i„=l) is taken as the unit of permeability. The 
unit of current in this system is derived from the law of 
interaction of currents (4,46). 

The unit of current in the CGSM system is defined as 
such a direct current which, when flowing through two infi- 
nitely long parallel wires placed in vacuum 1 cm apart, 
causes them to interact with a force of 2 dynes per cm of 
their length. It is assumed that both wires have a suffici- 
ently small cross-sectional area. 

The fundamental units of the MKS.Al system are the meter, 
kthfijam (mass), second and the unit of current — rJEm pen?. 

,\n ampere is dciined .as such a direct curreni which v/hen 
th'’ving throiigh bxo infinitely long parallel wires placed in 
\Licmuin at a distance of one rne/er causes them to interact 
v.ith ;! force of 2x10"’ Mi\SA units of force per meter of 
their length. 


2. CGSfA and MKSA Systems of Units 


where fi is the charge, o— the velocity and a— the angle between 
the direction of ihe velocity and the induction B. The Lorentz 
force is directed perpendicular to the plane determined by 
the vectors B and v. 
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In this system the permeability is a deri\ 
For vacuum ; 

fXo=iO“’ henry/meter. 

The unit of magnetic field intensity in the < 
is the oersted-, in the MI\SA system ~ the ampc 
(amp/m). 

An oersted is defined as the intensity of a n 
whicii acts on I cm of a straight conductor can 
unit of current with a force of 1 dyne. 

1 amp/m.— 10“^ oersted. 

The unit of magnetic induction in the CGSM 
gauss-, in the MKSA system — the K^eber per 
(weber/nF). 


system is the 
square meter 


3. Intensity of the Magnetic Fields of Currents 

The lines of force of a magnetic field are defined as 
curves the tangents to which coincide in direction with the 
intensity at each point. The magnetic lines of force are 
closed curves (as distinct 
from the lines of force of 
an electrostatic field); 
such fields are called vor- 
tical fields. The lines of 
force of a straight current- 
carrying conductor are 
concentric circles lying in 
a plane perpendicular to 
the current (Fig. 51). The 
direction of the magnetic 
lines of force is determined 
by the right-hand rule. 
If the thumb of the right 
iCifrrer r/ _ hand is placed along the 
wire pointing in the direc- 
lion of the current, the 
curled fingers of the right 
hand will point in the 
direction of the magnetic 
lines of force. (Figs. 51, 
52 and 53). 

The intensity of the 
magnetic field generated 


Fig. 51. Magneiic lines of force 
straight wire carrying current, 
tern formed by iron filings’. 


Fig. 

rent 


Magnetic field clue to cur- 
1 solenoid, pattern formed 
by iron filings. 



liPi 
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engineering the product ni for 
)er of ampere-turns per ceniimetr-r 
O.'ijT ampere-turns/cm =- 1 ampe 
nsity of a moving charged particle 

cj eysiiTO- 


where 


velocity of the particle, r — the dist, 


Fig. 5‘1. Toroid. 


■crying wire moves il, rough a magnetic 


magnetic flux through the ein-roi 

.entand®,,the„4nei!cCa[ 

ux through a loop (in a homopeneoi 
nT^fho ^ magnetic induction 
nd the cosine of the angle botu- 
field and , the norma! to the area 


(4,55] 
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The unit of magneiic flux in ihe CGSM system is the 
7?z'/A-c'p//,^in the MKSA system — the vseher. 

nen the magnetic flux llirough a circuit is changed an 
electric current is induced in the curcuit. This phendmenon 
is vaiUA dedromasnciic indiiclion, and the current thus ge- 
nerated is called an induced current. 





The direction of the induced current is always such that 
the magnetic field of the current opposes the chantre in flux 
which caused the induced current (Lenz' law). * 

Tiie magnitude of the induced electromotive force is g'ven 
by the formula 



In other words, the induced e.m.f, is equal to the time rate 
of change of the magnetic flux through the loop. Tlte nega- 
tive sign indicates the direction of the e.m.f. (in accordance 
with Lenz’ law). 


5. Self-induction 

Any change in the chrrent in a conductor lead- to t.he 
ai)pearance o' an induced e.m.f., which causes a current 
jiim-emeni. This phenomenon i.s called sell- induct ion. 

The bclf-induccd e.m.f. can be computed by the formula: 



I 


i: 


(4,57) 
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Avhere L is the self-inductance, — — tiie mean rate of chan 

- 

of the current in the time interval At. L depends on ti 
geometrical shape and dimensions of the conductor and c 
the properties of the medium. 

Tlie unit of inductance in the MKSA system is the henr 
in the CQSM system — the centimeter. 

A henry is defined as the inductance of a conductor 
which a change of current of 1 ampere per second indue 
V..1 c.m.f. of I volt, . 


1 henry =10® cm. 

ho inductance of a solenoid with a < 


where u is the permeability, S — the cross-sectional area 
of the solenoid, I — the length of the wire, k — a coefficient 
depending on the ratio of the length of the wire to the dia- 
meter of the coil (//d). Table 96 gives values of k. It should 
be observed that when L is computed using formula (4,58), 
the quantity [.i for ferromagnetic materials will depend on 
the shape of the core. 

The inductance of a coaxial cable of length /is 


wdiere ^nd are the radii of the external and internal 
cylinders. 

The inductance of a two-wire line of length I and radius 
of the wires r (for r<^a) is 


where a is the distance betw'een the axes of the wires. 

The energy of the magnetic field of a conductor carrying 
current is 
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which a magnetic iield exists con- 
onergy density of a homogeneous 
/ per unit volume) can be computed 


The lifting power of an eicciromagnet is given by 


where S is the cross-scctional area of the 
magnet, and pu — the permeability of air 
Eddy currents are induced currenls in massi' 
placed in a variable magnetic field. 


pofe-piece of tlu 
conductoR 


6. /i/kgnolic Properties of Alatter 

Magnetic materials arc materials in which a state of ma- 
gnetisation can be induced. V/hen such materials are magne- 
tised they create^ a magnetic field in the surrounding space. 

The degree of magnetisation of a magnetic material is 
characterised by the magnet is(d ion vector- I which is propor- 
tional to the field intensity generated by the materia!. 

The magnetic induction 8 is a vector quantity which is 
equal to the average value of the induction inside the ma- 
terial. This quantity is composed of the induction due to the 
field of the magnetising current (p//) and the induction due 
to the field of the magnetic materia! (diit/): 

-i-Anf, < 4 , 64 ) 

where fi„ is the permeability of vacuum. 

The 'magnetisation vector and the intensity of the magne- 
tising field are connected by the formula: 

1=^W, ( 4 , 65 ) 


whtM-e the quantity Z, called the magnetic susceptibiliiij, 
depends on the nature of the magnetic material and on its 
stale (temperature, etc.). 
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Since i3=u//, then 

+ (4,f)6) 

Materials for which u>l (but small!) are called paramag- 
netic-, if the material is called diamagnetic. Materials 

for which ii is m.uch greater than unitj^ are called ferromag- 
netic. Ferromagnetic materials are crystalline. 

Ferromagnetic and paramagnetic materials differ in a num- 
ber of their properties. 

a) The magnetisation carve, which expresses the relation 
iielween // a!id B, is a straight line for paramagnetic mate- 
rial'.. bnt it is an’ intricate curve for ferromagnetic materials. 
This means that p is a constant for paramagnetic materials, 
uhile for ferromagnetic materials it depends on the Qeki 
intensity. 

b) The magnetic susceptibility of ferromagnetic materials 
varies with the temperature in a more complicated manner; 
at a certain temperature Tc called the Curie temperature 
(Curie point) the ferromagnetic properties disappear: the 
ferromagnetic substance becomes paramagnetic. 

c) The magnetisation of a ferromagnetic material depends, 
in addition to the field intensity, on the magnetic history 
fo the sample: the value of the induction lags behind that of 


Fig. 57. Hysteresis loop; 0 / — 
curve of magnetisation from 
unmagnetised stale, 7 2-3— deraag- 
' netisati on curve. 

the field intensity. This phenomenon is called husieresis and 
the curve depicting the dependence of B on H in the orncess 
01 remagne tisation (Fig. 57) js called a hi/siercsis loop. 

Hie value 0 i the resjdual magnetic induction of iho. 
fe. sunuigiietic inatcrial after the magiieti.sing iieid has been 
leduced to zero {ll—O) is called the relentioity {B^). 
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j lie coercive force (li^) is the vaUie of the magnetic field 
intensity needed to reduce the residual induction to 2 ero(iha 
direction of this field mast be opposite to that of the retent- 
ivity). 

llic 'aairation value (/,) is tiie greatest value of the mag- 
no! isalion I. When a ferromagnetic material has been masn’c- 
tised 1o the saturaiiur. val-iie, further increase of the field 
ii’lensity will have practically no effect on the magnetisation. 
The magnetic saturation is measured in gausses. 

The initial pcnneai'‘ilii{; fii,) is the limiting value of the 
permeability, when the intensity and the induction tend to 
zero, i.e. , 

f.i,,— lim (i. 

//->0 

The properties of ferromagnetic materials are explained by 
means of the domain theory of magnetisation. According to 
this theory, in the absence of an externa! magnetic field a 
ferromagnetic material is composed of many small regions or 
domains each magnetised to saturation. In the absence of an 
e.xternal field the directions of magnetisation of these domains 
are distributed in such a way that" the total magnetisation of 
the specimen is zero. 

When a ferromagnetic material is placed in a magnetic 
field the domain boundaries are displaced (in weak fields) 
and the direction of magnetisation of the domains rotates 
towards the direction of the magnetising field, as a result of 
which the material becomes magnetised. 


TABLES AND GRAPHS 
Magnetic Field of the Earth 

The earth is surrounded by a magnetic field. The curve drawn 
through the points of the earth’s surface at which the intensity is 
directed horizontally is called the magnetic equator. 

The points of the earth at which the intensity is directed verti- 
cally are called the magnetic poles. There are two such points: the 
north magnetic pole (in the southern hemisphere) and the south ma- 
gnetic pole (in the northern hemisphere). 

The magnetic field intensity at tiie magnetic equator is. about 0.34 
ocrsleci; at the niagnetic poles it is about 0.06 oersted. In some places 
(the regior..s of tiie so called magrieiic anomalies) the intensity 
increases sharply. In Uie region of the Kursk magnetic anomaly it is 
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Initial 

permeabi- 

lity, 

gauss, 'oer- 
sted 

Maximum 

permeabi- 

lity. 

gauss, 'oer- 
sted 

Coerci ve 
force, 
oersted 

1 nduction 
at 25 oer- 
steds. 
g.nuss 

250 

5 , 500 

0.55 

15,200 

300 

6,000 

0.4,5 

1 4 , 900 

400 

7,500 

0.4 

1 4 , 900 

GOO 

10,000 

0.25 

14,600 

1 , 000 

30,000 

. . 

0. i2 

17,800 


Saturation 

value of 


Table 89 

Properties of Some Iron-Nickel Ailoys 
These alloys have a higli rermeabi lity, which decreases sharply 
at high field intensities and high frequencies, and in addition, de- 
pends strongly on mechanical strains. 
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T'opcr'iics of Stitne ivlagneticaliy Refractive Materials 

;se materials arc cliaracteriscd by a. high coerci ve force, 
,ed in the manufacture oi permanent magnets. The majrir 
o! the quantity — — is an important characteristic. This q 


iity is proporiit 
surroiindi ng tin 


rneiic 


materia!, 


Material 


Magnet material 

Coercive 

force. 

oersted 

Maximum 
Retenii- valueof 

vity, gauss 

Sr. ^ 
ergr/cni' 

Alloys: alni ....... 

alnico 

” alni si ...... 

” magnico ..... 

Chramium steel SEX3A . 
Cobalt steel DEKSO . . . 
Molybdenum steel .... 

Platinum alloys ..... 

Tungsten steel SFiiBA , . 

SaO 

500 

SOO 

550 

GO 

220. 

1 ,500.2’ 700 
, CO 

.5,.500 52,000 

7.000 ol,000 

4,000. 56.000 

12.0 00 .190,000. 

9.0 00 11,0 00 

9.000 37,000 
lO.OUU 

4,500-5,800 

10.000 12,000 


Properties of Magneto-Dielectrics 
Magneto-dielectrics (and ferrites) are materials possessing both a 
relatively high magnetic permeability and a high electric resistivity. 


,j_ Maximum ope- 

gauss Gcrsted ng frequ- 

ency, Me sec 


Alsifer pq-G . . 
” PH-9 . . 
:0H25 . 
Carbonyl iron . 
Magnetite . . . 
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Table 92 

Principal Properlies oi Ferrites 

Ferrites are mixtures of metals (nickel, zinc, iron) subjecicj -,0 
spexiai heat treatment, as a result of which they acquire ,-i hi^hi re- 
sistivity. 


Ferrite 

P. 

gauss/oer- 

sted 

Maximum 
operating 
tempera- 
ture, °C 

®max' 

Ferroc;)rt-2 , OriO-1 . . . . 

2,000 

55 

2,500 

Fc-rrocart-2,UO0-lI .... 

2,0 00 

70 

2,500 

Ferrocart-1 .000 . . . . . 

1,000 

1 110 

3 , 20 U 

Ferrocart-bOO 

600 

120 j 

3 , 1 00 

Ferrocart-500 

500 

120 ! 

2 ,80 0 

Ferrocart-4 00 

400 

120 

2,300 

Ferrocarl-200 

200 

120 

1 ,800 

Ferrocart H-4 

20 0 

250 

4,200 

Ferrocart M-5 

150 

360 

4,800 

Fcrrocart P4-I5 

15 

400 

1 ,S50 

Ferrocart P4-10 

10 

400 

1,400 


Table 93 

Permeability (p) or Paramagnetic and Diamagnetic Materials 
in CGSAl Units 


Paramagnetic 

material 

(IJ.- DXIO-' 

, 

Diamagnetic 

material 

(1 _ (J.) X I 0» 

Air . . 

0.38 


7.5 

Aluminium ... 

23 

Bismuth ..... 

176 

Lbonile 

14 

Copper i 

10.3 . 

Liquid o.xvgen . . 

1 3,400 

Glass I 

12.6 

:Nitrogx-n . . . . . 

1 : 0.013 

Hydrogen . . . . | 

0.063 

Oxygen ,. . . ... 

1 ■ 1.9 . 

[Quartz 

15.1 

Platinum ..... 

1 360 

Rock salt ..... 1 

12,6 

Tungsten 

1 176 

Water . ... . . . j 

9.0 



* 
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Specific Magnetic Susceptibility (per gram) ot Some 
Metals at 18°' C in CGSM Units 

The spcciiic susceptibility Xsp is equal to the ratio ot llie suscep- 
libility k to the density of the materia! p; . 


Metal 

xjp x 10« 

, Met al 


■'•spXiU* 



0.58 

Manganese . . 


7.5 

Antimony .... 


— 0.87 

Mercury . . . 


— 0.19 

Cadniiuni ... . - 


- 0 . !8 

Seleniiiiii . . . 


-0.32 

ealcium . . . . - 


0.3 

Sliver . . . . 


-0.20 

Giiromium .... 


3.6 

Sodium , . . 


0.6 

Copper . . . . . . 


- 0.086 , . 

Tellurium . . 


-0 31 

Germanium . . - 


- 0.12 

Ti n . . . . . . 


0. -1 

Indium . . . . i 


- 0.1 1 

"I iingsteii . . . 


0.23 

Lead 


- 0.12 < 

Vanndi Oin . . 


1.4 

Lithium . ... . ■ 


0..5 

Zinc . ... . 


-0. 157 


— - 







Dependence of Magnetic Permeability and induction 
on the Magnetic Field Intensity 


■moo r 


Ormc oin!? | 


Fig. 59. Dependence of indu< 
intensity (curve 1 — electrolyi 
curve 2 ~ low- carbon sloe’!, 
o — cast steel; curve i — cast 


iS. Dependence of permea- 
of iron and permalloy on 
ntensity in weak fields. 


]B,gsusm 

LliiM 


'HfOersfeis 


Fig. 6U. Hysteresis loop for soft iron and tem- 
pered steel. 


FUNDAMENTAL CONCEPTS AND LAWS 147 

Table 90 

Values of Coefucient k for Caknialing Inductance 


k I 0.2 j 0.5 I 0.6 j 0.9 j ^-l.O 

Note. For i/d! ^ 10 /f is close to unity. 


D. ALTEmiTim CUmENTS , 
FUNDAMENTAL CONCEPTS AND LAWS 

An alternating current is one which periodically reverses 
its direction. 

A current which varies periodically- only in magnitude is 
called a pulsating direct current. 

In practice most frequent use is made of alternating cur- 
rents which vary sinusoidally (Fig. 61). Periodic currents 
which vary otherwise than sinusoidally can be represented 
„ to any degree of approximation 

by a sum of sinusoidal alterna- 
ting currents (see p. 77). 

/ Y 'The instantaneous values of a 

sinusoidal alternating current 
_ and voltage are given by the 

— -V- ~~T^ formulas: 

i=/^sinMr, (4,67) 

\ sin((i)/ -f-q)), (4,68) 

Vy to=23t/, (4,69) 

where If^ and are the maxi- 
Fig. 61. Graph of alternating values (amplitudes) of the 

e.m.f. and current (s.ne law. the voltage. 0) is ti,e 

angular (cyclic) frequency of the 
current, t — the time, rp — the phase shift between the cur- 
rent and the voltage (see p. 76), / — the frequency of the 
current. ■ lO* 
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(4,72) 

and is due to the appearance of an e.m.i. of self-induction 
in the coil. 

An alternating current in an inductor lags behind the 
voltage by 90°. 

A capacitor in an alternating-current circuit conducts 
current (as distinct from direct current!). The quantity 
which describes the behavior of a capacitor in an alternat- 
ing-current circuit is called the capacitive reactance: 


The current in a capacitor leads the voltage by 90°. 

In a circuit containing resistance, inductive reactance 
and capacitive reactance connected in series the quantity 


called the impedance, is analogous to the resistance of a di- 
red-current circuit. 


The effective value of an alternating currenl. (/) is dofl- 
ned as the direct current which would develop the same 
power in an active resistance as the given aUernaiing cur- 
rent. 

In most cases (but not always!) ammeters and voltmeters 
show the effective values of the current or voltage. 

For sinusoidal currents 


_ 

Y2 


An inductor L (a device possessing inductance) in an alter- 
nating-current circuit acts like a resistance Ri in the cir- 
cuit/i.e., it reduces the current. 

The quantity which describes the behavior of an in- 
ductor is called the inductive reactance: 


i 



tables and graphs 

Change in Resistance upon Transition from Direct to 
Alternating Current 

The change in resisiance depends on a parameter 


TABLES AXD GRAPHS 1-iS 

For Rr=^Rr the impedance is a_ minimum {see formula 
(4 74i), the current has its maximum value, inis phe- 
flnmenon is called series resonance. 

The phase dilTerence between the current and tae voltage 
is determined from the relations: 


tan ff— - 


The power developed by an allernating enrreni in the 
circuit is _ 

P={//cos{p. (4,76) 

The factor- cos cp is called the po'jeer factor. , , 

When an aiternatins current passes through a con due or 
it^neraS IndS currents; as‘a result the current density 
wifi be greater at the surface of the conductor ihan in the 

tSb j.vie£’ 

ing current, than to direct current This phenomenon is 
called the surface effect (or skin effect). 
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0 2. 4 S 8 10 12 14 IS 18 20'^ 

Fig. G2. Graph of 


versus i. 

Variation of fndiictive Reactance, Capacitive Reactance and 
Impedance with Frequency 



• ^0/fflre?s/e£c^t(rB0!^lsec!y 

Fig. 63. Graphs -of and Z versus m [or 

i=l henry, C=IO jifd, i?o= 100 ohms (it is as* 
•surued that i?a is independent of the frequency). 
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Table 9? 

Depth of Penetration (a) of High Frequency Currents (for a 
Straight Copper Wire with Circular Cross-Section) 


Frequency 

10 kc/scc 

100 kc/sec 

1 Mc/sec 

10 Mc/sec 

100 Mc/ssc 

Depth of pene- 
tration, mm 

0.65 

0.21 

0.065 

0.021 

o.ooa 


Noies. 1 . Calculations can be made for other frequencies and other 
materials by means of the formula 

.=50.33 j/ -L. 

where p is the resi.stivity (olun mm=/m), (a — the permeabtHtv of t'he 
material, /— the frequency (c/sec). 

2. The depth of penetration is the distance from the surface pf 
the wire at which the current density is e times less than at the 
surface, where e is the base of natural logarithms (e w 2.72}. 


E. ELECTRIC OSCILLATIONS AND 
ELECTROMAGNETIC WAVES 

: FUNDAMENTAL CONCEPTS AND LAWS 

Oscillatory variations of the charge, current or voltage 
in an electric circuit are called electric oscUlafions. An al- 
ternating electric current is an example of electric oscilla- 
tions. High-frequency electric oscillations are generated as 
a rule by means of an osci Haling circuit. An oscillating 
circuit is a clos’ed circuit containing inductance L and ca- 
pacitance C. 

The period of natural oscillations of a circuit is 


y'LC. 


(4.77) 
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Fig, 64. Graph of current in circuit with 
damped oscillations. 


Th’S relation is called Thomson's formula-, it is valid in 
tilt; absence of energy losses. In the case of energy losses 
in the circuit (when an oh> 

f l'n • mic resistance is present) the 

A natural oscillations of the 

f\\ circuit are damped: 


Yrc-i 


I very small. Fig. 64 represents 

'! j a graph of damped oscilla- 

Vrss tions in a circuit. 

Fig. 65. Resonance curves, for . When an alternating e.m.f. 

different values of the circuit re- IS applied to the circuit, 

si stance. The ordinates are the forced oscillations arise in it, 

'The amplitude Of the fomed 
cies of the e.m.f, oscillations Will be greatest 

when the natural frequency 
of the circuit comcides with the frequency of the sinusoidal 
e.m.f. (Fig. 65). This phenomenon, which linds wide appli- 
cation in radio engineering, is called vlcdric resonance. 

The amplitudes of the charge and the \'ollage in forced 
oscillations are greatest when the frequency of the imposed 
e.m.f. differs slightly from the natural frequency of the 
circuit,. 
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fiivctrnmagnctic zvav^-’s represent a process of stmuitaneous 
pr;!pa 4 aliori ot variations of electric and magnetic fields. 
The vectors of the electric and magnetic field intensities 
{E and H) in an electromagnetic wave are perpendicular to 



each other and to the direction of propagation of the waves 
(Fig. 66). This is true for the propagation of eleclromagnotic 
waves in- vacuum. 

The velocity of electromagnetic waves in vacuum is inde* 
pendent of the wavelength and equals 

Co=(2.99776 ± 0.00004) X lO'® cm/sec. 

The velocity of electromagnetic waves m dil'ferent rr.sJm 
is less than in vacuum: 



where n is the index of refraction (see p. 159). 


The Electromagnetic Spectrum 

The wavelengths are plotted logarithmically. 

The first horizontal row gives the wavelengths (upper va- 
lues in din'erent units of length, lower values in cm). 

The second row gives the frequencies in cycles, sec, the 
tl'iird and fourth rows — the names of the wavelength and 
frequency ranges., ’ v 

i>’ows 5 and G show the types of electromagnetic r.ndiators, 
rows 7 and S — the princiftal niethocis of generating electro- 
magnetic oscillations. 
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Low-frequency and radio waves have the lowest frequen- 
c'os; such waves are generated by various artificial oscilla- 
tors. 

Infrared radiation is emitted mainly by oscillating parts 
of molecules or groups of atoms. 

Light waves are emitted by atoms and molecules when 
electrons in the outer shell pass from one stable orbit to 
another (see p. 188). 

Ultraviolet rays have the same origin as light waves. 

X-rays are emitted w'hen electrons in the inner shells of 
atoms pass from one orbit to another. 

Gamma-rays are emitted in the radioactive decay of ato- 
mic nuclei. 

Further information on the properties of various types of 
waves will be found in Chapter V; Optics. 



CH A PTE R V 

OPTICS ' , : : 

: FUNDAMENTAL CONCEPTS AND LAWS 

Light is electromagnetic radiation of wavelength conside- 
rably shorter than that of radio waves (see the electromag- 
netic spectrum). Such radiation is emitted by atoms when 
their electrons jump from one orbit to another (see p. 188). 

1. Photometry 

The energy radiated by a body per second is called the 
intensity of radiation. The energy transmitted by a light 
wave per second to a surface is called the flux of radiation 
through the surface (h. The flux of radiation as estimated 
visually is called the luminous flux. Since the sensitivity 
of the eye varies for different wavelengths, the ratio of the 
Ilux of radiation to the luminous flux will also depend on 
the wavelength. As a rule, in daytime vision the eye is 
mos-t sensitive to radiation of 5,550 A. The ratio of the in- 
tensity of radiation of 5,550 A to the intensity of radiation 
of wavelength 'k which causes the same visual sensation is 
called the relative brightness sensitivity of the eye (K>). The 
curve of /(), versus k is called the curve of relative bright- 
ness sensitivity. 

The luminous intensity (!) is defined as the luminous 
flux emitted by a point source of light into unit solid angle. 



where <I) is the luminous flux, and Q — the solid angle. 
The unit of luminous intensity is called the candela-. * 


* The present standard of luminous intensity is constructed in 
the form of a black body radiator (Fifi 6S; see also p. JUS) kept at 
the temperature of molten platinum, at 2,042.G°K' 
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The unii of luminous flux is liie lumen.. One lumen is 
equal to the luminous flux contained in a solid angle of 
one steradian when the luminous intensity is om caruida. 

Prior to the introduction of the new standard candela. 
the international candle in the form of electric bull)s of spe- 
cial design was used as the stan- 
dard of luminous intensity. 

1 international candle=!.005 
candelas. 

The illuminance (E) is the 
luminous flux incident on unit 
area of a surface: 





(5.2) 


where 5 is the surface area re- 
ceiving the luminous flux. 

The units of illuminance are 
the lux and the phot: 


1 lux= 
1 phot= 


= 1 lumen/rn®, 
T lumen/cm®. 


Fig. 68. USSR state stan- 
dard light source: 1 — plati- 
num, 2 — fused thqri urn oxide 
tube, 3 ~ fused thorium oxide 
cup, 4 — thorium oxide pow- 
der, 5— silica container. 


The brightness of an extended ; 
light source (or surface seen by 
reflected light) is referred to 
technically as its luminance (B): 


B==~ 


(5,3) 


where S is the visible area of 
the surface (the area of the 
projection of the surface on to a plane perpendicular to 
the line of vision), and / is the luminous intensity. 

Luminance is expressed in units of luminous intensity 
per unit area, as candelas/mL 
An old unit of luminance is the siilb. 

A stiib is equal to the luminance of a source which radi- 
ates a luminous intensity of 1 candela per cni^ of luminous 
surface. 

1 stilb=lOV candelas/m®. 


Photometry deals with luminous intensity, luminance and. 
illuminance, as determined by visual perception and from 
neasurements of the luminous llux. 
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2. Principal Larvs of Geomelricai Optics 

Geometrical optics deals with those phenomena which can 
he explained on the assumption that liylit travels through 
a homogeneous iiiedium in a straight line. 

The angle af incidence, is the angle between the incident 
ray and tlie normal to the interface between two media at 
the point of incidence. The angle of reflection is the angle 
heiween this normal and the reflected ray. The angle ^of 
refraction is the angle between the normal ' and the refract- 
ed ray. 

1. When a ray is incident on the int^erface between two 
media the angle of incidence is equal to the angle of rellec- 
tion. The incident ray, the normal, and the reliected ray 
all lie in the same plane. 

The magnitude of reilection is characterised by the reflec- 
tion coefficient p, which is equal to the ratio of the energy 
flux in the reflected wave to that in the incident wave, 

(The reflection coefficient is frequently expressed in per 
cent.) 

2. The ratio of .the sine of the angle of incidence to the 
sine of the angle of refraction is a' constant (for a given 
wavelength). The incident ray, the normal, and the refract- 
ed ray are in the same plane. 


The quantity n is called the relative index of refraction of 
the second medium with respect to the first medium, and 
is equal to the ratio of the velocities of light in the two 

media: n=— , 

c.. 

The index" of refraction with respect to vacuum is called 
the absolute index of refraction of the medium. The index 
of refraction n depends on the wavelength. 

A ray passing from -a medium with a greater index of 
refraction to a medium with a smaller index of refraction 
can undergo total reflection. The least angle of incidence 
f'er at which all the energy of the light is reflected from 
the interface i.s called iho' critical angle. The magnitude of 
the critical angle /V-r is determined from the formula 
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y.here /? is the relative index of refraction of tiic i 
in v.'hich total reflection takes place. 

Rouse'll surfaces reflect light rays in all direciion- 
re/iecjion), as a result of which they are visible to II 
When light passes through thin metal plates its in 
is reduced. The change in the luminous intensity (fc 
mal incidence on the plate) is given by the relation 


where /„ is the incident light intensity, — the intensity 
of the light after passage through a plate of thickness x, 
?- ■— the wavelength, e the base of natural logariihnis, n 
and k—opiicat constants of the metal which are determined 
from the relations 


Heie o is the conductivity of the metal, v — the froqu^nc’ 
of the light wave, and s — the dielectric constant. 


3. Optical Snstruments 
The formula of a thin lens (Fig. 69) is 




where a is the distance from the lens to the object, a' — 
the distance from the lens to the image, / ■— the focal 'lenath 
ol the lens, r, and r„ — the radii of curvature of the sphe- 
rical surfaces of the lens, /i — the relative refractive index 
of the materia] of the lens. 

In formula (5,5) the quantities a, a', and r, are con- 
sidered positive when their directions, as !neasure“d from the 
lens, coincide with the direction of the light rays; otherwise 
they are considered negative. 

The magnification of a magnifying glass is 
250 

. (5,6) 

where / is the focal length in niillimeters. 
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\^T^ere /, and are the focal lcnf,dhs of the obiedivo and 
the eyepiece in iiiilirmeters. is the didance from the unne-- 
locus 01 the oojectivc to the lower focus of the evepiece ir 
millimeters (Fig 70). ^ “ 

The magnification of a telescope is 

> (5,8) 

where and are the focal lengths of the objective anri 
the eyepiece (Fig. 71). ■ 

The reciprocal of the focal length is called the jmr or 
the lens: D—-j- ihe unit of power of a lens is the diop. 
5VS’ ^<3ual to the power of a lens with a focal length 

4. Wave Properties of Light 

Interference When two xvaves travel simultaneousiv 
tnrough a medium there will he a resultant vibration of 
the particles of the medium at each point (in the case of 
mechanical waves) or a resultant oscillation of the electric 
and magnetic field intensities (in the case of electrornaone 
tic wa\es) The resultant oscillations will be determined^ bv 
the amplitude and the phase of each of the waves. ^ 

camo space of two (or more) waves of the 

same period leading to a reinforcement of the resultant 

nnj; ""d to a diminution of ttS am- 

plitade at others is called interference. 

takei^J Ice^Silv (including light ivaves) 

la^ea place only if the superpo.sed waves have the snmp 

wlbSf at each point. Sources 

wh.ch generate such waves are called coherent Fni- 
polarised waves (see p. 166) to di.splay interference if is’neces 
sao- in addition, that their planes of polarisation cotacide 
woheron. sources of light can only he obtained artificially' 

In a homogeneous medium evorv colour corresponds to^a 
definite frequency of the wave. When a wave ^ to 

malls 
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D?ylit;ht consists of electromagnetic radiation of various 
wavelengths (corresponding to colours from red to violet). 

The colours of thin films are clue to the interference of waves 
reiiectcd from the upper and lover .surfaces of the film 
(vhen observed in reflected 
light). When observed in '* ! - 1 

transmitted light interference 
takes place between the trans- 

mitted waves and the waves pw 

reflected from the upper and 

lower surfaces' of the film. pteM 

Diffraction. The deflection gg 

of light from a rectilinear 
path otherwise than by reflec- 
tion or refraction is called . 

diffraction. Fig. 72 depicts .wfi 

schematically a long narrow | 

slit, by means of which it is | 

possible to observe the phe- ^ ,„.a 

nomenon of diffraction. Light /w 

falls perpendicularly on the i 0 ^ 

surface containing the slit. ! f ^ 

Upon passing through the fj j f >0 B 
silt the light rays are deflect- 
ad from a straight path, and \ | / 

as a result of the subsequent u/' 

superposition (interference) w 

of the light waves one will — k. — 

observe light and dark fringes 7 ,. Diffraction of narallel 

on the screen. rays by a single slit, o) Schema- 

The positions of the dark ric diaH-ram of slit, b) a possible 
fringes are determined by o‘- oSIhT'c'enlffcr 

the conaition lens, £ 1 — screen in focal plane of 

/ • D 1 /r' Icsns. 


where P is the angle hetv.een the normal and the given 
direction, n — an integer, and ft the width of the sliL 

A series of narrow parallel equi-distant slits of equal 
wiiith is called a difjracHon ending. The width of a slit 
plus the distance lielwccn two adjacent slits is called the 
grating iruerval. 

Fig. 73 gives a sciiemalic depiction of a diffraction grat- 
ing, The positions of the fringes of .maximum inleiiihity on 
the screen are determined from the condition (fur normal 
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incidence of light on the graiina): 

.. ti sin «:—/?. A, (5.10) 

vdiero d is the grating interval. 

Due to (he diffraction of light waves there' is a limit to 
the ahility of optical instruments to show increa'.ina'y gronic-r 
deiaii on liie surface of an object at higher uiagniiiccuioiis. 



Fi,". 73. Diffraction of parallel rays by a diffraction prat* 

{[ig. n) Schematic diagram of part oI grating, a) a 'pos- 
sible direction ot the diffracted rays, AH— ienSi d—- op- 
tical center of lens, S — screen in' Local plane of lens. 

The smallest distance bett^'een two points at which tlieir 
image-j do not overlap is called the least separation for re- 
sol^ ion of an optical instrument (6). 

For a microscope the leasi separation for resolution is: 

Sin ■ , , . ' ■ 

v.liCie u is the i.periurr. angle (hall tliC aii',ic subtended by 



The inflex ot refraction also varies with the svavclcncjh 
(iii’pcr^icn o[ I'nc index of refraction). 

Due to clispcn'.ion white light {which consists of radiation 
of JilTerent wavelengihs) is broken up by a glass prism into 
its coinpc-ncnls. Rays of shorter wavelength are bent towards 
the base of the prism more strongly than waves of greater 
wavolengih (Fig. 74). 

Polarisation of light. In the light, waves emitted by diffe- 
rent sources the vectors E (and, hence, H) are oriented 
randomly. Such light is called natural light. 



■Quartz 


/T\- ■ i 

cri'sfs/ 


/ K 



__/ !.J ::).A .. 1 






■ ' i 




Fig. 75. Poiaiioii of plane of polnrisation of .polarised ray in 
quartz plate. 

It is possihlo (for e.xarnple, by passing natural light 
hrough a pliilo of tourniaiiue) lo obtaiii waves in which 
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Ihe // vectors will have a single direction at ali point; in 
space. Such waves are called linearly polurif.ed (or plane 
polarised). 

In linearly polarised light each of the vectors E and /■/ 
lies In a given plane. The plane of the vector of magnetic 
field intensity H is called ihe plane of polar isat ion. Some 
substances (for e.xarnple, quartz, aqueous .solutions of sugar) 
have the ability to turn the plane of polarisation of linearly 
polarised light passing through them. This phenomenon is 
called rotation of ihe plane of polarisation (Fig. 75). 

Light can be partially polarised by reflection from a di- 
electric. At a certain angle of incidence the reflected light 
is conipletely polarised. This angle is called the polarising 
angle. It can be determined from a relation called Brews- 
ter’s law: : 

tan7p— «, (5,12) 

wiiere n is the index of refraction. 

Pressure of light. When electromagnetic waves strike the 
surface of a body they exert mechanical pressure upon it 
(called the radiation pressure). 

The magnitude of the radiation pressure is given by 
IF 

p==_(i-fP), (5,13) 

where IF is the quantity of radiation energy incident nor- 
mally on 1 cm^ of surface per sec, c — the velocity of light, 
f — fhe reflection coeffleient. 

The pressure exerted by the sun’s rays on a bright day 
is equal approximately to 0.4 dyne/m^ (4x10”® dyne/cm®). 


5. Quantum Properties of Light 

The energy of any form of electromagnetic radiation, 
including light, always exists in the form of discrete portions. 
These portions of energy, which- possess the properties of 
material corpuscle.s, are called radiation quanta or photons. 
The energy of a photon depends on the frequency of the 
radiation v. 

The energy of a photon t=hv, where /i=6.623x 10"^^ erg .sec. 
The constant ii is called P/ancife's co/xS/mi.L 
According to the fundamental principles of modern phy- 
sics (theory oi relativity),, whenever the energy of a system 
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ch.'ina'e- isy an amount s (here is an equivalent change in the 
mas? oi' liie ■.ysteiT! equal to (c is i!ic velocity of light). 
Hciice, for every photon eniilted by a body its mass dec- 
reases bv an amount Am~“ • 

■ 

Those properties of light which are due to the discrete 
nature of radiation are called quantum (or corpuscular) prop- 
erties. 

Light, like all other forms of electromagnetic radiation, 
possesses both wave and corpuscular properties. 

The photoelectric effect is one of the manifestations of the 
corpuscular nature of light. The emission of electrons from 
the surface of an lllurninated body is called the external 
photoelectric effect. 

Laws of the external photoelectric effect. 1. The number 
of electrons released per second (or the saturation current) 
is directly proportional to the light flux. 

2. The velocity of the emitted electrons is independent 
of the light intensity, and is determined by the frequency 
of the incident light. The velocity may be determined from 
the equation 

. ! tmff , ,, 

/iv=9-i — 2~ ’ 

where hv is the energy of a photon, cp — the work function 
(see p. 1 14), m — the mass of the electron, and v — its velocity. 
Equation (5,14) is called Einstein’s equation. 

3. For every substance there, exists a frequency below 
which the photoelectric effect is not observed. This critical 
frequency is called Wxq: photoelectric threshold {y^f). It is 
determined from the relation 

/jVcr=9. (5,15) 

When semiconductors and dielectrics are illuminated, 
some of their atoms may lose electrons, which, however, 
(in contradistinction to the external photoelectric effect) 
do not escape through the surface of the body, but remain 
inside the body. This phenomenon is called the internal 
photoelectric effect. As a result of the internal photoelectric 
effect the resistance of semiconductors and dielectrics decreases 
upon illumination. 
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When the inlerfnce between' a metal and a sen-iiconduci-ir 
is iiluminatcd, an eleclroniolive Jorce' arises. This phL'n-ame- 
non is called X\\q barrier-iatier elject. 

Photoelectric cells, photoconductive cells, barrier-layer 
cells and solar batteries are based on the photoelectric piie- 
nornena. 

The photoelectric cell is based on the externa! phoioelect- 
ric eii'ect. it consists of a sealed glass bulb containiiv^ a 
light-sensitive cathode and an anode. The cathode is a thin 
film deposited on the inner surface of the bulb; the anode 
is a ring (or disc) placed in the centre of the bulb. Tlic two 
electrodes are connected through an external battery. 

When the cathode is illuminated a galvanometer in ihe 
circuit registers a photoelectric current: 

-f- 

where ® is the flux of radiant energy, y ~ 't^he Integral 
sensitivity of the photoelectric cell, — the dark current, 
i.e., the current in the photoelectric cell in complete 
darkne.ss. 

Photoelectric cells which are based on the internal pho- 
toelectric effect are called photoconductive cells. The sensi- 
tivity of photoconductive cells is characterised by the 
s pec i-fic sensitivity (/(). This quantity is equal to the refio 
of the integral sensitivity to the applied potential cliffe- 
rence U , i.e., ' 



Photoconductive cells are also characterised by the magni- 
tude of the ratio where is the resistance in the 
dark and is the resistance upon illumination. 

6. Thermal Radiation 

Heated bodies emit invisible waves (so-called ultraviolet 
and infrared rays) in addition to visible light. The radiation 
of heated bodies is called thermal [or heat) radiation. 

A body which completely absorbs all the radiation 
incident on it is called a black bodij (or perfect absorber). 
A hollow box With a small hole in' it 'is a black body. 

The rate at which a body radiates energy of a given 
wavelength from unit surface of the body is caliesf the 
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i -I /ir or ai the "ivcn h-miperatiire (£)). 

The l'ra:tion of the incident radiation of a given Vvaveleiiglii 'X 
v/liich is absorbed by a body is called the absorptive pomr 
or Lr/^orniioHy (/I;). The emissivity at a given temperature 
is proportional to the absorptivity at the same temperature 
(Kirchhoff’s law): 

(5,16) 

where s-, at a given temperature is a constant for all bodies. 
■ ' 

In the U.S.S.R. the quantity is called the speef” 

rai emissivitij. 

For a black body /1:.,= 1 and, hence £x~8>_ for all wave' 
lengths. 

The rate of radiation of energy of all wavelengths from 
a black body (s) is proportional to the fourth power of the 
absolute Ictuperalure (Slefan-Bolizmann’s law): 

E=(77'h (5,17) 

where the coefficient of proportionality 0=5.67x10'’^- 
watt/enT’ degree’. 

7. Types of Spectra 

The dependence of the intensity of radiation of a body 
on the wavelength (or frequency) is called the spectrum oj 
radiation. This dependence is usually depicted in graph form. 
For example, Fig. 76 gives the spectrum of thermal radia- 
tion of carbon for different temperatures. This spectrum 
closely resembles that of a black body. 

It is evident from the figure that at any given tempera- 
ture there is a cerlain wavelength for which the 

energy ox radiation is a maximum. For a black body the 
wavelength corresponding to the maximum energy of radia- 
tion is inversely proportional to the absolute temperature T 
(Wien’s law of displacement): 

WT-C, (5,18) 

where C is a constant, equal to 0.2898 cm degree"*. 

Tlie coloured band obdaiiied when light i.s broken up by a 
prism (or otlier device) is sometimes called- vt spectrum '{in 
the uurro'nv sense of the vjord). 
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ncaled -oiidb emit a conlinunus ',pectram in which cl! the 
spoof ral colours are present, one colour merging giadualiy 
Uilo the next. 



In line spectra the intensity of radiation is high only 
within very narrow regions contiguous to definite wave- 
lengths, w'hile at other wavelengths it is practically zero. 

Line spectra are emitted by gases of low density. If such 
a spectrum is dispersed by a prism (or other instrument) 
narrov/ lines of different colours are obtained (Fig. 77). The 
numiier of these lines and their wavelengths are characteris- 
tic for each clement. An analysis of the lines in the spectrum 
thus allows us to- Identify the elements which are present 
in the given substance. ” 




L/flf/i/m 


W/rogen 


/^ercijrg 


f/eJ/m 


Fig. 77. Line spectra of emission of some gases: the figures on top are the wavelengths 
in angstrom units (A). 



Fig. 78. Solar spectrum with Fraunhofer lines. 
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The spectra of heated gases and solids arc called cmis^ha 
spectra. 

if the radiation emitted by a heated solid is passed 
througii a vapour, thonintlie continuous spectrum of theijudy 
dark lines appear, at wavelengths corresponding to the lines 
of the emission spectrum of the given vapour. Such a spect- 
rum is called an absorption spectnm. 

Ga.ses absorb radiation of the same wavelength as they 
themselves emit (law of Kirchhoff and Bunsen). 

The so-called fraufi/io/er lines in the solar spectrum 
(see Fig. 78) are absorption lines due to the absorption of 
definite wavelengths of the continuous solar spectrum by 
vapours present in the atmosphere. 
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Table 98 

Relative Brightness Sensitivity (Ki) for Daytime Vision 
(.see Fig. 79) 


Wavelength, 

A 


Wavelength, 

A 


Wavelength, 

A . 


.4,000 

0.0004 

5.200 

0 .710 

6,400 

0.175 

4,200 

0.0040 

5,400 

0.954 

. 6,. 600 

0.061 

4,400 

0.023 

5,600 

0.995 

6,800 

0.017 

4,600 

0.060 

5,800 

0.870 

! 7,000 

O'. 0041 : 

4,800 

0.139 

6,000 

0.63t 

7,200 

0.00105. 

5,000 

0.323 

6,200 

0.381 

7,400 
. 7,600 

0.0002O 
0. 00006 


Note. The values of the relative brightness sensitivity are different 
for different people. . They do not vary, lunvever. too widely for 
people with normal vision. The table gives average values of K.. 
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Luminance of Some Illuminaied Surfaces 


llluminaicdl surface 

Luminance, 

candeia's/m- 

Cii'terna screen 

Sheet of white paper (under illuminance 30-50 lux) 
Snow in direct sunlight 

5-2 

10-15 

3X1 0< 
2.5x1 OX 


Table 100 

Luminance of Various Light Sources 

1 

Source 

Luminance, 

candelas/m'-* 


13x108 

12xl0s-15xl0a 

ISXiOL 
1 .5X100-2X10B. 
1.5X10* 
5X10^ 
10 

1 .IXlOu 
1.5xl()u 
2.1xl0« 
l.C'XlQw 

Capillary of sitperhigh pressure inereury arc ... 

Mela] filament of i ncandescent lamp 



Spark discharge in xenon . .... . 

” argon 

” ” air (nitrogeii) ......... 

' ” heliuPi . ... . . . .... . . 



Illuminance in Some Typical Cases 


Sun’'W:'VS at noon (middle latitudes) . 
During film shooting in studio . . . . . 
Open area on a cloudy day ....... 

Lipht room (near window) 

Work table for delicate operations ,. . . 
1 iiuiTiination necessary for reading . . . 

Cinema screen 

Illumination from full moon . .... . 
Illumination from moonless nigiit sky 


1 QO ,000 
10,0 00 
1,000 
10 0 

lOO-tiOO 

30-50 

20-80 

0.2. 

0.0003 


Table 102 


Reflection Coefficient (js) of 61ass and Water for Different 
Angies of Incidence (in ®/o) 


.«vngle ol ind- ; 
dence, 


20 1 



50 1 

60 1 





degrees : 

.Substance 

0; 


30 

40 



1 1 

80 

89 

90 

1 

Glass . . . . . . • • ■ 

Water . ....... 


14.7 

2.2 

Tg 

3.4 

e.oj 

13.5 

34.5 

90.(3 

100 


2.1 

4.9 

5.’. 3 

6.t> 

9,8: 

IS 

39 

91 

100 


t^ote. For. gk 


covered with .a film of silica of-indej: of refracr 
at rioruKil incidence. I'or glass v/ilh a film oi silica 
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Table 103 

fef lection of Light Passing from Glass into Air 


Anglo of incidence 

1 0“ 

i0° 



.35° 

■ 

1 39° 

39° 30' j 

1 i 

.10°j 

1 60° 

Angie of refraction 

.0= 1 

i5‘=40' 



63° j 

79° 

..82° 

j 90° 


Fraction of reflected 
energy in % 

rn 

14. ?! 

4,7 

5.0^ 

1 • i 

6.8: 

J 

12 

1 

47 

Ton 

; 1 

jioo 


Tabic W4 

V/avelengths of Visible Region of Spectrum 


Colour 

Boundari es, 

A 

Colour 

Boundaries, 

A 

Violet ...... 

Dark blue .... 

Light blue .... 

3.800- 4,500 
4,500-4,800 

4.800- 5,100 
5,100-5,500 

Yellowish-green . 
Yellow ...... 

Orange 

5,500-5,750 

5,760-5,830 

5.850-6,200 

6,200-7,600 

Red ....... 




Table 105 


Wavelengths of Ultraviolet Region of Spectrum 


Name of range ! 

.i 

Boundaries. 

A 

Effect of Radiation 

Long wavelength ultraviolet 

3,150-3,800 

Suntan 

Middle wavelength ultravio- 
let ............. . 

2,300-3,150 

Erythernogenic 

Short \vave!eii,glh ultraviolet 
Vacuum ultraviolet ..... 

2,000-2,800 

Bactericidal 

<2,000 

Ozonising 
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Refiection of Light by Metals 

The li gyres in ■the taVjlc indicate the fraction of perpendicularlv 
incident light reflected from the surface (in %) 



Wave- 
length, A 


•f 


Si Iver 

iz 

s| 

1 

Silicon 

Ultra- 

1 

1 .880 1 

25 

23 

1 

j 

j 

35 


17 

64 

vi oiet 

2,00 0 i 

3i 

31 



44 


22 

73 


2,510 1 

53 

2G 


33 

.38 


39 



3,050 : 

04 

29 


.47 j 



48 

73 


3,570 

70 

32 

— 

67 

40 

.— 

51 

(30 

Visible 

5,000 


I 4 4 

55 

90 

61 

55 

55 

34 


6,000 


72 

.58 

93 

65 


58 

32 


7 , 000 


83 

60 

94 

69 

56 

61 


Infrared 

8,000 


89 ' 

; 62 

95 

70 


62 



10,000 

7-t 

90 

(35 

96 

72 

57 

69 



50,000 

94 

1 98 

92 

97 

94 


97 



100,000 

97 



~ 

■“ 

93 


- 


Table 107 

Critical Angles of Reflection 


Substance 

/cr 

' ■ '1 

Substance 

- 

Water 

49 

Carbon disulfi de . . . . . 

i 38. 

Glycerine . 

43 

Glass (heavy flint) .... 

i 34. 

Glass (light crown) ... 

40 

Diamond . . . 

1 : 24 . 


Note. The values of r^.,. (in degrees) given in the table are for an 
interface wiUi air (for the D line of sodium). 
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Table 108 


Wavelengths o!f Principal Fraunhofer Lines 


Lino 

1 

j Element 

Wavelength, A 

• A 

Oxygen . . . . - . . . .... . . 

7,621 

a " 

“ . . . . . ......... 

7,185 

B 


6,870 

C 

Hydrogen 

0,862.8 

■.« ■ ■ 

Oxvgen .............. 

6,273.1 

D, 

Sodium . . . . . . - .... . . . 

5,895.9 

D; 


5,890. 0 

£>:: 

Helium 

5,875.6 

E 

Iron ................ 

5,269.6 

h , 

Magnesi um ... . . . 

5, 183.6 


* . . . 

5,172.7 

h 

t Iron 

5,169.0. 

bi 

Iron, magnesium ......... 

5,167.4 

c 

Iron .......... . . .... 

4,957.6 

F 

Hydrogen ............. 

4,861.3 

■ d 

Iron 

4,668. 

E 

• .............. 

4,383.6 

f 

Hydrogen ............. 

4,340.5 

G' 

Iron .....; 

4,325.8 

G " '■ 

Iron, calcium 

■1,307.9 

Q r 

Calcium 

■4,226.7 ; 

h 

Hydrogen ............. 

4,101.7 

H 

Calcium .............. 

3,903.6 

K 

................. 

3,933.6 
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Table 109 

Index of Refraction for Wavelengths Corresponding to .Some 
of the Fraunhofer Lines 


Fraunhofer line 

A i 
1 

B 

1 ^ 1 

F 

H 

Wavelength, A 

7,590. 

6,870 

1 ■ i 

5.890 i 

1 . ' -'I 

4,860 

3,970. 

2 

Carbon disulfide . . , 

1 . 610 

1.617 

! 1 .629 1 

1.654 

1 . 7.02 

a 

Ethyl alcohol 

1 . 359 

1 ..'160 

! 1.363 I 

1 . 367 

1.374 


Glass (light crown) . , 

1.510 

T.512 

1 !.515. 

1 . 52 t 

1.53! 


Water . 

1 . 329 

1.331 

1 1.333 

1.33 7 

! , 344 


Table no 

Optical Constants of Metals and Semiconductors 


.Substance 

n 

k 

Substance 



Aluminium . , . 

1.28 

3.66 

Mercu ry ..... . 

1 . 62 

2. 71 

Antimony . . , . 

3.4 

I . 63 

.NT ckel . . . , . . 

1 . 79 

1.86 



1 57 


2.07 


Cesium ...... 

0.321 

3,70 

Potassi urn .... 

0.068 

(21.1 

Chromium . . .o. 

3.59 

1 .26 

Selenium ..... 

2.85 

U. 221 

Cobalt (6,000 A) 

2.21 

1 . S3 

Si li con 

4.24 

0. 1 14 

Copper . . * . . » 

0,62 

4,1 

Silver ....... 

0. IS 

20.6 

Gold , 

0 42 

0.65 

Tin 

1 12 

4. 03 

Iron . . . . ... 

2 '.36 

1 . 36 

Tungsten (5,780 A) 

2.76 

0.98 

a.o^d . 

2.01 

1 . 73 

Zi nc ....... . 

2.12 

2. 60 







Notes. \ . The values of llie oplfcar constants given i n the fable 
refer to the wavelength X=5,St30 A, unless otherwise indicated. 

2. The constants n and k are someti njes called Uieindes: of refrac- 
tion and the index of ab.sorpiion, respocii vety. 
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Gas or vapoiir 


Ammon 

Ben 


sne 


Carbon dioxi de ■ . . 
Carbon ietrachlori de 
Chloroform . . . . . 
Helium . . . . , . . 

Hydrogen 

Hydrogen disulfide . 


Refraction of Gases 

Table 111 

Index of 
refraction 

Gas or vapour 

Index of 
refraction 

1-. 000600 
1-000292 

1 . 000377 
1.001812 
.000450 
. 001763 
• 001455 

1 • 000035 
.000138 
1,000641 

Mercurv 

Methaiie ! 

Hi trogeii . ! 

9'^yotni ........ 

Selenium . ! 

Sulfur trioxide . . . . 1 
Tellurium . . . . . . 1 
Water vanour . . ... I 

Zinc . . . . . . . 1 

1 .000933 

1 .000441 

1 . 000297 

1 .00 0272 
1.001563 
! . 000737 
1.002495 
1.000257 

1 .002050 


A'oi'e. The values of the <• 

are for a wavelength in the table 

and are corrected for a denlitv of sodium CD), 

o G and 750 nun Her oressure hv 


means of the formula - 


G and 750 nun Hg pressure by 
const (for the given gas). 


Table 112' 

fat 'l5°^C°foMhe'^i^r Solids and Liquids 

(at lo C fo. the of Sodiuju Relative to Air) 


Substance 


Sugar . 
Topaz . 


Liquids 


Aniline . . . 
Benzene . , 
Canada balsa 
Carbon disulfide 
Chloroform .. 
Ethyl alcohol 


Index of 

'■effraction 


2.417 
, 1.31 

1 . 56-j . 60 
1 . 5o 

1.63 


1.590 
■ 504 
1.53 
1 .632 
1 .449 
1 .302 


Ethyl eiher . . 
Glycerine . . . 
Methyl alcohol 
Sulfuric acid . 
Turpentine . . 
Water (20“ C) . 


Oils 

Cedar nut . 
Citmamoii . 
Clove . . , 
Olive . . . 
Paraffin . . 


Index of 
refraction 



Dependence of Index of Refraction on Wavelength 
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Table 114 

Diffuse Reflection of Some Materials in White Light (in %) 


Materi at 

Reflection 

Materi al 

Reflection 

Cardboard, white . . 

60-70 

paper, blotting . . . 

70-80 


30 

Paper, brown 

13 


16 

" chocolate colour 

4 ■ ■ 

Fatty clay (yellow) . 

24 

* light blue . . . 

25 

Materials coated with 


” ordinary white . 

60-70 

white paint 

50 

' yellow . ... . 

25 

Materials coated with 


Tracing paper .... 

22 

vellotv paint . . . . 

40 

Velvet, black ... . 

0.4 

Moist earth ...... 

8 

Wood (pine) . ... . 

40 

Oil-paper (1 layer) . . 

22 



" " (2 layers) . 

35 




Table 115 



Notes. The rotation of the plane of polarisation is characterised 
by tlie specific rotation [a]t. For solids , whore a is the angle 

of rotation of the plane of polarisation, / — the path length of the 
ray in the solid, p- the density. For liquids and solutions , 

where « is the angle of rotation of the plane of polarisation, /-the 
path length of the ray in the liquid or solution, c— the concentration 
Ijy weight, equal to the number of grams of solute per 100 g of so- 
lution. i-or pure liquids c— l . 

2. The negative sign indicates that the rotation is clockwise if one 
looks at the liquid from the side of the source. 



TADLES AND GRAPHS , ISi 

Table IM 

Emission Spectra of Seme Metals (in A) 


Aluininiuni 

(arc) 

Capper 
(arc i li 
vacuum) 

Mercii ry 
(mercury 
lamp) 

•Sodi um 
On I'laine) 

Cadmium 

(arc) 

2i uc 
(arc i n 
vacuum) 

a, 083 

3,248 

3,126 

. 

5,S89. 97£) 

3,261 

3,036 

3,093 

3,274 

3,131 

5,895. 93 f, 

3,404 

3,072 

3,9-14 V 

4,023 V 

3,650 


3,466 

3,345 

3.962 0 

4,063 V 

■I ,04 6.8 0 


3,611 

4,630 b 

4,663 b 

5,105.5 g 

■1 ,678. 1 r 


3.982 V 

4,722 5 

5.057g 

5,153.3 g 

4,358.3 r 


4,413 b 

4,811 b 

5,696 y 

5 , 2 1 8 . 2 g 

4,916. 4 6g 


4,673 b 

4,9126 

5,723 y 

5,700 

4,959.7 g 


4,799.9 b 

4,925 gb 


5,782.1 1/ 

5,460.7 g 


5,085. 8 g 

6 , 1 03 0 


5,782.2 

5,769.6 t! 


5,338 g 

6'. 362 0 



5,790.7 y 


5 , 379 g 




6,152 0 


6, 438. 5 r 




6,232.0 0 



, : 


N;iti;s. 1. The wavelengths are measured in air at 15® C and 
760 mm Hg pressure. 

2. Tile coloLir.s o[ the visible lines are denoted by the first .letter 
the corresponding colour, 
ol 3. Tlie brightest lines are underlined 
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Table lit 


Luminous Efficiency, Efficiency and Luminance of Some 
Light Sources 


- 

Type of Lamp 

Lumi nous 
eificiency, 
lumens/watt 

Effi ci erny, 

% 

Temperature, 

°1\ 

Luminance, 

candelas/m> 

50-watt, carbon fila- 
ment, vacuum . . . 

2.5 

0.4 

2,095 

5X10= 

oO-watt, tungsten fi- 
lament, vacuum . . 

10 

1.6 

2,460 

15x 1 GS-20X1 0 = 

50-\vatt, gas-filled, 

tungsten filament . 

10 

1.6 

2,685 

5x10“ 

50,ii-wa(t, gas-filled, 
tungsten fi lament . 

17.5 

2.8 

2,900 

10' 

2,000-watt, gas-filled, i 
tung-sten fi lament . 

21 .2 

3.5 

3,020 

1 3X1 0“-l 5X10“ 

Voltaic arc 

25 

4 

4,000 

15x1 (It 

Luminescent lamp . . 

40 

6.4 

' - 

(craler) 

1.5X10* 


Note. The luminous effia'encii is the ratio of the total radiant flux 
to the power of the current in the light source. The efj'iciancy of a 
light source is the ratio of the luminous flux to the current in the 
source. 


Table 118 

Electron Work Function and Photoelectric Threshold 
of Various Substances 


Substance 

Work 

function, ev 

Photoelectric 
threshold, A 

Water 

6. 13-6.09 

2,025-2,040 

Cuprous oxide 

5.15 

2,500 

Mica 

4.8 

2,548 

Sodium chloride 

4.2 

2,950 

Silver bromide 

3.7-5. 14 

3,350-2,400 

Thorium on tungsten ...... 

2.62 

4,730 

Sodium on tungsten 

2. 10 

5,900 

Ccsinm on tungsten . 

1.36 

9,090 

Cesium on platinum 

1.31 

8,950 

Barium on tungsten ....... 

1.1 

1 1 ,300 

Barium oxide on oxidised tung- 
sten 

1. 0-1.1 

12,400-11,300 
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Table 119 

Typical Characteristics of Photoelectric Ceils 


Type of 
cell 

Cathode 

Filling 

1 ntegral 
sensitivity, 

[j- amp/lunien 

Dark 
current, 
y amp 

Operati ng 
voltage, V 

1 

UB-1 

UBG 

UB-4 

Oxygen- 

-cesiurn 

V'acuLini 

20 

0.1 

240 

ur-i 

ditto 

Inert 

gases 

75 

i 

0. ! 

240 

CUB -3 

CUB -51 

Antiniony- 

-cesiuni 

Vacuum 

80 

0.01 

240 

CUB-4 

di tto 


80 

0.1 

240 

ur-3 

ur-4 

Oxygen- 
-cesi um 

Inert 

gases 

100 

0.1 

240 



Typical Characteristics of Photocondticlive Ceils 
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1 _3ajS3p 
OoOi' tiJ 

-jitD Jo juap 
-tjjaoo aJujBi 
-oduio] ueavV 

0.015 

O.Oi 

0.0012 
0.01 4 

ni 

}■{} 

!• ^ S? 1 

A ‘oSbjjoa 
jSui’Eiodo 
luniu ixEjv 

- ? oo ' |- 

-nj/cluiB -ri 

'AJIA n 1EU3S 

OIJ pads 

500 

1 ,000 

2 , 50 0 
3,000 

suiqo 

aaiiB 

-jsisai j[jBa 

o b b 

kUIUI 'bsab 
SAD isuas 

Zl 

XX XX ^ 

Light-sensitive 

materia! 

Lead sulfide 

Bismuth sulfide . . . . 

Polycrystalline cadmium 
sulfide 

Single crystal cadmium 
sulfide ......... 


666 66 ^ 




Typical Characteristics of Barrier-layer Photoelectric Cells 
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STRUCTURE OF THE ATOM AND ELEMENTARY 
PARTICLES 

FUNDAMENTAL CONCEPTS AND LAWS 
1. Units of Charge, Mass and Energy in Atomic physics 

The unit of charge is the elementary charge: 

l.eOxlO-*® coul. 

The unit of mass is equal to 1/16 of the mass of the oxy- 
gen isotope (see p. IS8) with an atomic weight of 16: 

1 atomic unit of mass— 1.66 X 10"^* g. 

The ma.ss of the lightest atom ~ the hydrogen atom — is 
equal to 1.008 in this scale. 

The unit of energy is the electron-volt (ev); it is equal to 
the energy acquired by an electron in falling through a po- 
tential difference of 1 volt. 

1 ev = 1.6xl0~’® joule = 1.6x10“^^ erg. 


2. The Rutherford-Bohr Model of the Atom 

The centre of the atom consists of a positively charged 
nucleus around which electrons revolve in definite orbits. 
The mass of the atom is concentrated primarily in the nuc- 
leus. The nucleus of the hydrogen atom is called a proton. 
The mass of the proton equals 1.67X 10“^’- g; that of the 
electron — 9.1 1 x 10"^^ g (T/1, 836th part of the proton mass). 
The charge of the electron is equal to the elementary charge. 

The charge of the nucleus is equal to the number of the 
element in the Mendeleyev periodic system. The number of 
electrons in a neutral atom is equal to the charge of the 
nucleu-s. 
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The motion of the electrons in the atom may be approxi- 
mately described as motion in circular or elliptical orbits 
around the nucleus (Fig. 80). These orbits are called statio- 
nary orbits. When an electron revolves about the nucleus in 



Fig. 80. Po.ssible electronic orbits in hydrogen atom 
(the radii of the orbits are in the ratio of the squares 
of the integers 1:2=:32:42 etc.). 


a stationary orbit it does not radiate. The radii of the sta- 
tionary orbits are determined from the condition 

mvr„=~n, ( 6 , 1 ) 

where m is the mass of the electron, v — Hs velocity, r„— < 

the radius of the orbit, /t —• Planck’s constant, n = l, 2, 3 

Every stationary electron orbit (in other words, every 
stationary state of the atom) corresponds to’a definite value 
o! the energy (energy level). 

The energy levels (W,^) and the radii of the circular orbits 
©f the hydrogen atom can be computed by the formulas: 
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( 6 , 2 ) 

(6,3) 


.An atom radiates or absorbs energy in the form of elec- 
troinagnetic waves when an electron jumps from one statio- 
nary orbit to another. The magnitude of the emitted or 
absorbed quantum (portion) of energy hv is given by the 
condition 

hv = W^-W„ (6,4) 

where W/j and are the energy levels of the electron in 
the atom before and after the change of orbits. 

According to contemporary views, the stationary orbits do 
not actually represent the trajectories of electrons in the 
atom. Modern physics has a somewhat different approach to 
the problem of the structure of the atom. However, the 
concept of atomic energy levels remains valid. 


I {1 3. The Atomic Nucleus and the Electron Shells 

The nucleus of an atom of any element is made up of 
protons and neutrons. The neutron is an electrically neutral 
particle whose mass is appro.ximately equal to the mass of 
' f the proton. Nuclei of the same element may contain different 

j « numbers of neutrons, and hence may have different masses. 

j'H Elements which differ only in the number of neutrons in the 

A.) nucleus are called isotopes. The mass number (M) of an 

,1-^ isotope is the whole number which is nearest to the atomic 

7 .: mass of the isotope. The number of neutrons in the nucleus is 

' . where Z is the nuclear charge. 

The proton and the neutron are collectivelv called nncle- 
, ons (nuclear particles); inside the nucleus these particles are 

mutually transformed one into the other. The density of the 
nuclear matter is e.xtremely high (about 100,000,000 tons/rrir'‘) 
A nucleus is denoted by the sym.bol of the corresponding 
chemical element with the atomic number as a subscript and 
the mass number as a superscript (for example, A1 or 

d igAH’’ stands for aluminium with atomic niumber If/ and 

mass number 27). 
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Electrons in complex atoms are grouped in 
includes a certain number of electronic orbits. At most two 
2lectrons can move in the same orbit. 

The shell of least radius can contain at most two elec- 
trons (one orbit). This shell is called the K-shell. The nest 


FiR. si. Diagram of electron shells of 
the atom. 


shell (L-shell) can contain up to eight electrons, the 
ing shell iM-shell) — up to eighteen electrons. The 
shell is subdivided into two subsheils AJ, and which can 
contain up to eight and ten electrons, respectively (Fig. SI). 


4. Nuclear Transformations 


When a nucleus s formed by bringing together a 
number of protons and neutrons the mass of the rcsi 
nucleus is less than the sum of the masses of the cornp. 
protons and neutrons. This difference is called the mos’i de- 
ficit of the nucleus. 




Fig. 82. Diffraction of a) X-rays by a polycrystalline gold 
film, 6) electrons by a polycrystalline gold film. 

Nuclear transformations may be induced artificially by 
bombarding elements with protons, neutrons, helium nuclei 
and y-rays. Such transformations are called nuclear reactions. 

Nuclear reactions may lead to the formation of new radio- 
active isotopes, which do not occur naturally on the earth. 
This phenomenon is called artificial radioactivity. 

Nuclear transformations are utilised to release nuclear 
energy by the fission (splitting) of heavy nuclei (for example, 
or by the synthesis (fusion) of light nuclei (for example, 
hydrogen nuclei). The synthesis of light nuclei requires ex- 
tremely high temperatures (of the order of millions of deg- 
rees). Such reactions are called thermonuclear. 


__Some heavy nuclei (uranium, thorium, radium) spontaneousiv 
disintegrate with the formation of new nude: and the emis- 
sion of a-particles, electrons and high-energy photons (v-rays *— 
see the electromagnetic spectrum). This property is called 
radioactivity. 

The law of radioactive decay is 

N = N,2~K 

where is the original number of nuclei present at time 
t=Q, ;V — the number of nuclei left at timet, T — - the /w/f 
life, equal to the period of time at the end of which half 
of the atoms of the radioactive material will have disinte<7. 
rated. 
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5. Wave Properties of Matter 


Every moving particle possesses vrave properties. For 
example, when an electron passes through a metal film we 
obtain a diiTraclion pattern similar to tlie d iffraction patterns 
of X-rays and (Fig- S-). 

The wavelength of a particle is determined by the relation 


where??! is the mass of the particle, y — its velocity, and/j-^> 
Planck’s constant. 


Energy Levels of the Hydrogen Atom 


The energy levels are calculated by means of formula (6,2) by 
stituting for n the successive integers 1. 2, 3, 4, etc. Utilising 
energy level diagram i t is easy to calculate the frequencies of 
spectral lines of the hydrogen 
atom by means of formula 
(6,4). 

When electrons jump to 
the level n = l the atom emits /j. 
a series of lines called the 
Liimari series', the lines of this 
series lie in the ultraviolet 
region of the spectrum. Upon 
transi tion to the level /i = 2 
the ii nes of the Balmer series 
are emitted (four lines of ^ 

this series lie in the visible 
part of the spectrum, the re- 8 

mainder — in the ultraviolet.) 

Upon transition . to the level ' 

rt — 3 the lines of the Paschen 
series are emitted (infrared * 

region). J 
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Ta 


Relative Abundance and Activity of Isotopes of 


Some Metals 


Sle- 

Number Number Relative 

Half 



of of abundance. 

If fe 



protons neutrons % 



Fe 

26 . 26 ■ . — 

7.S hr 



27 — 

8.9 rnin 



28 G.04 

stable 



29 — 

4 years 



30 91.57 

stable 



31 2.11 




32 0.2S 




33 — 

47 days 


lo 

27 28 

IS.l hr 

r 


29 — 

8 days 

r 


30 — 

270 „ 

7 


31 — 

72 „ 

7 


32 100 

stable 

7 


33 — 

5.3 yeans 


:u 

29 ~ 

1.75 hr 

7 


29 — 

7.9 rnin 



31 — 

8.1 sec 



32 — 

3.4 hr 



33 — 

9.92 min 



34 69.48 

stable 



35 — 

12,8 hr 



36 30.52 

stable 

T. 3' 


37 — 

5 mi n 

3 

Note. 

See note to the following table. 
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Table 124 


Atomic Weight, Relative Abundance and Activity of Soire 
Light Isotopes 


Ele- 

ment 

o ^ 

So = 

Atomic 
wei ght 

ifc 

Half 

life 

Tf' 

activity 

H 

I 

0 

1 . 0081 

99.98 

stable 


D 

1 

1 

2.0147 

0.02 



T 

1 


3.0170 


12.5 vears 


He 

2 

i 

3.0170 

1.3-< 

stable 

•• 



2 

4.0039 

-100 





3 

5.0137 


6X10-“ see 




■1 

6.0209 

— 

0.8 sec 

f — 

C 

6 

4 

10.0204 


8.8 sec 




5 

1 1.0150 


21 min 




f) 

12.0039 

98.9 

stable 

■ ^ 



7 

13.0076 

1 . 1 





8 

14.0077 


1 0’ - 1 O' years 


0 

S 


1.5.0078 


125 sec 




8 

16.0000 

99.76 

stable 




9 

17.0045 

0.04 





10 

18.0048 

0.20 





1 1 




31 sec 

PI 

A1 

13 

13 

25.9944 

— 

7 sec 

p 



14 

26.9907 

100 

stable 




15 

27.9908 


2.3 min 

9~- T 



16 

28.9892 

_ 

6.7 „ 



l^oie. p- — electron, p* — positron, v -gamma-rays, a — helium 
nucleus, n — neutron. 


Table r25 


Some Artificially Produced Elements 


Atomlcl 

number! 

Name of 
element 

Mass numbers 

1 Half life 

61. 

Promethium (Pm) 

145,146,1 17,148,149,150,151 

30 years 

85 

Astatine (At) • 

206, 208, 209, 210, 211 

! 8 .3 hr 

87 

Francium (Fr) 

212, 221, 222, 223 

21 min 

93 

Neptunium (Np) 

231, 232, 233, 234, 235, 236, 

2.25X10’ 


237, 238, 239 

years 

94 

Plutonium (Pu) 

232, 234, 236, 237, 239, 240, 
241, 242, 243 

5X10^ years 

95 

Americium (Am) 

238,239,240,241.242,243,244 

10* years 

96 

Curium (Cm) 

238,240.241,242,243.244,245 

500 years 

97 

Berkelium (Bk) 

243, 245. 246, 247 

5 days 

98 

Californium (Cf) 

244, 246. 248 

i2, 100 years 

99 

Einsteinium (En) 

253 


too 

Fermi um (Fm) 

255 


101 

Mendeloviura (Mv) 

256 


102 

Nobelium (No) 

263 



Note. The mass number of the isotope with the greatest half life 
Is given in boldface type. 
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Table m 

Elementary and Non-EIementary Particle.? 


Pariicies which, according to present-day notions, are not 
composed of more fundarnentai particles are called elementary. 




Mass 



Name 

Symbol 

•eII 

relative 
to elect- 
ron mass 

Charge, 

(elernentar 

charges) 

Average 

lifetirne. 

Eiermnlaru 

particles 






Photon ...... 

h V 

0 

0 

0 

stable 



0 

<0.001 

0 


Antineiitrino . . . 

. 

0 

<0.001 

0 


Electron ..... 

e ’ 

5.49X10-S 

1 

- 1 

O 

Positron' ...... 

, y 

r>. .19x1 0-3 

I 

+ 1 

stable in 

I-mesuns 

. 

0. 1155 

210 

+ 1 

vacuum 



0.1155 

210 

- 1 

2.22X10-S 



0. 151 

275 

+ 1 

2.53XiO-8 


n 

0. 151 

275 

- 1 

tAaSXlO-a 



0.165 

300 

0 

lX10->»- 

fiT- mesons 


_ 

906 

+ 1 

-5X10 

1 ,27X10-8 


K~ 

— 

90G 

- 1 

1.27X10-8 

Nucleons: 

A*. Kl 

“ 

965 

0 

1.3X10 - >0 

proton 

p. m; 

1.00760 

1,836 

-f 1 

stable , 

neutron ..... 

n, nl 

1.00899 

1.839 

0 

7X102 

Anti proton .... 

P 

— 

1,836 

- 1 

stable in , 

Anti neutron ... 

~ 

_■ 

1,839 

0 

vacuum 

Hyperons ..... 

■ AO 

— 

2,181.5 

0 

3.7V10-1O 



— 

2.327 

4-1 

3.4X10-n 

Nm-elemeniary 

2- . 


2,327 

Xi 

3.4XiO-u 

particles 





Deuteron . . . . . 

rf, Pl\ 

2.014 

- 

+ 1, 

stable 

Triton ...... 

t. 

3,016 


4-1 

17. COX 

Alpha-particle . . 

d, He^ 

4.003 


+ 2 

X3,600 

stable 


NoU's. I . Mesoas and hyperons are produced in the collisions of 
Ingh-enersy particles (for example, protons and a-parti cles in the 
cosmic radia.tion) These particles disintegrate rapidly to i'orin new 
particle.s (electrons, positrons, photons, nucleons, etc.) 

2. The asitiproton and antineiitrino were discovered recently by 
means oi a high-energy particle accelerator. 
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Energies of Some Particles 

Particle 


Table 127 


Energy, Mev 


Maximum energy of p- (Th C-> Th C') ...... 

„ . „ B- (Th C''-4- Pb) 

Energy oi w-particle (Th C' -> Pb) 

„ „ a-particle (Th C' ~> Th C") ....... 

„ „ photon of Y-radiation 

„ B cosmic ray mesons (secondary radiation) 
Particles produced in accelerators 

Protons . . . 

Neutrons 

;fh-meson.s 

It “-mesons . • • 

a+ -mesons 

P-- -mesons 

Photon of 7-radiation (in tiecay of rA-niesons) , . . 

„ „ 7-radiation (in decay of deuter.ons) . ... 

„ „ 7-radiation (in decay of a-particles) . . . 


2.25 
l.?9 
.S . 95 


6pw-700 

500-650 

i50-.'5r>0 

300-400 


10-600 
up to 300 
500-600 


Notes. 1. The nuclear reactions in which particles of the given 
energy are produced are given in parentheses. 

2. The indicated energies of particles produced in accelerators 
were obtained in the USSR in the 6-meter proton synchrotron (as of 
July 1957) More recently protons of energy 10‘ Mev were produced 
in the high-energy proton synchrotron in Dubna. The maximum par- 
ticle energy obtained to date is about 3X10* Mev (proton synch- 
rotron in Geneva). 


Table 128 


Energy of a Quantum of Radiation of Different Types 


Wavelength 

Energy, ev 

Wavelength 

Energy, ev 


1 .22X10-'* 

! . 000 A 

1.22X10 

300 iJ. 

4.1 XI 0-3 

1 00„ A 

1.22X102 


1.22 

lO^A 

1. 22X10* 

. 8,000 A<, 

1 . 52 

1 A „ 

1.22X10* 

7. 000 „A 

1 .75 

0.1 A„ 

1.22X10’ 

6,200 Ao 

1.96 

0,01 Aa 

1.22X10’ 

5,000 ,,A 

2,44 

0.001 hn 

!. 22X1 07 

4,000 Ao 

3.00 

0.0001 A 

l.22X10a,„ 

3,000 A 

4.1 0 
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Binding Energy 


On the nbscissn axis (Fig. S4) arc plotted tHo ma*;? nurn’norq, on 
Tile ordinate axis - the binding energy E/Al per nucleon in electron 
voiii. Nuclear energy can be released either by the iission oi heavy 



nuclei or by the synthesis of light nuclei. In both cases new nuclei 
are produced with a binding energy lljM greater than that of the 
original nuclei . 

Examples of Nuclear Reactions 

Nuclear reactions arc accompanied by the release or absorption of 
/ energy. 

■ In the reactions given below the numbers on the left-hand side of 
the equations indicate the energy absorbed, on the right-hand side 
■of the equations — the energy released, in Mev. 

• 1. l.l=HO'r.4.,H<. 

2. aLi--f-,H' = 2;He<-f 17.3. 

3 . -f ,Hei + 28 . 2 = pM . 

4. ,N“-|-on>=uC'‘-f 

.5. i:,Al=M-dC‘-=„CR'-f-2He‘-fon‘+28.2. 

6. (i()Tb2''’=-}-on*->noTh*“. 

■■oTlFw -5- n,Pa=3’‘-l-c-. 

, : ' . eiPa^ -J-azU^^+e-;- ■■ 


Notes. 1 . Tiie arrows in equation 6 indicate that the reaction con- 
■ tinues spontaneously, 

2. The fission of one uranium nucleus leads to the release of about 
energy released by 1 gram of uranium equals 

2 2;<10^ kilo’,vatt-hours. 
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' Synthesis of Helium from Hydrogen 

The produciion of he!! inn nurlei by the syriihcsi s (fusion) of hyd- 
rogen nuclei is of immense theoretical and practical significance, 
since in this process a large amount of energy. is released. 

Ihe following are some of the pos-sible reactions. The energy, re- 
leased is e.xpressed in Mev. 


0. .Ife^A- jlP -> 1 4.3. 


Rc‘action.s of Nuclear Synthesis 

Reactions of nuclear synthesis can take place either .at high tem- 
poraturos (millions oi ciegrees) or at high field iniensiiic? (millions 
«,oI volts). The following are some examfiles of such reactions. 


1. «O=4-iH> -i-vNw-l-y+1.0. 

2. jNi3~>,,02-fe+-)-l,.2. 

4. -^aO‘--l-Y+7.3. 

5.. 

6. oC'“-+--He'-l-4.9, 


Units of Radioactivity and Radiation 

The unit of radioactivity is the cme. 1 curie corresponds to the 
intensity of radiation of radon in a state of radioactive equilibrium 
with 1 gram of radium. The curio is also a measure of the quantity 
of a radioactive substance. A curie is a quantity of any radioactive 
substance which decays at the rate of 3.7X10“' atoms per second. 

The roentgen is the unit of .X- and f-radiation. 

.A roentgen is a quantity of radiation which produces in 1 cm® of 
dry air at 0°C and 7G0 nim Hg a number of ions carrying a total of 
one electrostatic unit of charge of each kind (2X10'' pairs of ions). 
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1. Some Frequently Encountered Numbers 


jt = 3.14i593 
4jt = 12.56637 

= 0.63662 

jt , , 

jt‘“ = 9.86960 


y' it = 1.77245 
e = 2.718282 j, 

]/'■ 2= 1.41421 

3 = 1.73205 


:0. 017453 radian 
0.000291 . „ 

: 0.0000048 „ 


II . Formulas for Approximate Calculations 



y'i-yx = i-|--^x 




— 0.031 <x <0.031 

— 0.085 < X < 0.093 

— 0.052 <x < 0.052 

— 0.077 < X < 0.077 

— 0.045 045 


sin X — X • 


e:' = l-{-x 


The inequalities indicate the range of values of x for 
which the error of the computations by the approximate 
formulas does not exceed 0.1“/o, 


III. Elements of the Theory of Errors 

All measurements can be performed only up to a certain 
degree of precision. 

Preas/on is determined by the last significant figure of 
the measurement. In order to exclude chance errors which 
are always possible, the measurement should be repeated 
several times and the mean arithmetic value of all the 
results taken. 

If a quantity A has been measured ft times and A,, A^, 
As, ■■■, A,j are the results of the individual measurements, 
then the mean arithmetic value is 

, _ A, + A,-!-...+.A„ 

“mean — r" 
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Tho cleviaiion j a;j — /!/ j is called xh^ absolute 

error Of- a single measumnent. The quaniity' 

' A/t.-f A4,+--+Ai„ 

is called the mean absolute error of the measurement. Usually, 
it is considered That 

■^irean — A.4 < .4 < .dpjgan -f- 

Tile ratio is called the mean relative error and is 

usually expressed in per cent. 

The result sought by ihe experimenter .is rarely found by. 
measuring only one quantity. It is generally necessary to 
measure several quantities and to calculate the desired 
result from a formula. The following table gives expres- 
sidVis for finding the absolute and relative, errors of cal- 
culations carried out by some frequently encountered for- 
mulas. 


/l+B 

A-B 

AB 

■ 

■■ . B 

.4" 


Ayi-j-ijs’ 

SA+^B 

i A SB + B A4 1 
| 7i A4-P.4Ai3|. 


n 1 4 


IA.4 
I A4 


j A4 + AB ! 

I 4 + B j 

A4 + AS 
| 4-jS I 
A.4 , AB 
fTI '1B| 
A4 AB 
14 rTfif 

A4 

"mT 

' 1 A4 
« M 1 


Example. To determine the density of a solid one measures 
its volume and its mass. Assume that the volume has 'been 
measured with an accuracy of l.S'Vo. and the mass with an 
accuracy of l“/„. Then the" relative error of the determined 
value of ihe density is 2.5'/,j. Hence, we may write; 


(1 -0.025) <- 


'( r )« 


( 14 - 0 . 025 ). 
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i pood = 16.38050 kilograms. 


! year ==31,556,925.975 sec. 

1 day = 24 hours =1,440 rain = 86,400 sec. 

1 hour = 60 min = 3,600 sec. 

Pressure 

1 atmosphere (technical) = 1 kg/cm^= 735.66 mm Hg. 
i mm Hg = 0.00i316 atm = 1,333 dynes/cm- = 1333 ntjm^. 
i atmosphere (standard) = 760 mm Hg= 1.033 kg/cra® = 
= 1.013 X 10= dynes/cm= = 1.013 X 10'’ nt/m“. 

Temperature 

Number of degrees centigrade (X) =5/4° R = 5/9 ('-'F ~ 32) = 
= {°K — 273). 

Flere °R denotes the number of degrees on the Reaumur 
scale, °F — the number of degrees Fahrenheit, “K — the 
number of degrees Kelvin. 


ruega (Ml . . . 

, . , . lO" 

mi Hi (m) — . 

. . . 10"= 

kilo (k) . . . . 

, . . . 10=* 

micro (}..i.) . . . 

. . . lO"' 

deci (d) . . . . 

. . . . 10"' 

nano (n) . . . 

. . . to-’ 

cent’ (c) . . . . 

, . . . 10~2 

pico (p) . . . . 

. . . 10“ 


1 micron =10 ® m. 

1 A(Angstrom unit)=10“ 
1 X = i0-'’* cm. 

1 inch = 25.40 mm. 

1 foot = 0.30480 m. 


I yard = 0.91440 m. 

1 mile (English) = 1,609 m. 
1 mile (nautical) = 1,852 m. 
1 light year = 9.463X10'=* km. 


The figures in the right-hand column indicate the 
nutnber of multiples and sub-multiple.s of the basic unit 
which are formed by attaching the prefixes. For example, 
1 Mc/s=i0‘''‘ c/s; 1 mm = 10"=* m. 
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Thermal Conductimiy 

1 kilocai/ra hour degree = 2.778 )< cal/cm sec degrees: 
—'1. 162X10 “ watt/cm degree. 

Work and energy 
1 \vait"liour=: 3,600 watt-sec. 

1 joule = i watt-sec— 10'^ ergs = 0.239 cal (calorie). 

1 kg m (kilogram meter) = 9 81 joules. 

1 kilocal (kilocalorie) = 1.16 watt-hours, 
i ev (electron volt) = 1.6019 X 10~*^ erg = 1.6019 X 10“^“ 
joule. 

Power 

1 watt = 10’’ erg/sec. . 

1 kilowatt = 102 kg m/sec = 1,36 hp (horsepower). 

Capacitance 

1 cm = i.ll picofarad = 1.11 X 10” *‘Marad. 

VI. Universal Physical Constants 

Gravitational constant v . . 6.67xI0~® g~’ cm® sec“® 
6.67x10"” kg-' m® sec-® 

Volume of one grammolecular 
weight of an ideal gas under 
standard conditions V.j, . . 22.4207 liters 
Universal gas constant 'p . 8.31696 joule degree"' mole"' 
Faraday’s number F . . . . 96.521 coul/g-equiv 
Avogadro’s number N . . . 6.02497x10®® mole ' 
Boltzmann’s constant k . . 1.38041x10"'® erg degree"' 
Ma.ss of hydrogen atom 1.67339x10 g 
Mass of proton .... 1.67239 xlO"®® g 

Mass of electron . . . . 9.1083x10 g 

Charge of electron e ... . 4.80274x10 CGSE 
1.60202x10"®“ CGSM 

Velocity of light in vacuum 2.99793x10'“ cm sec"* 
Planck’s constant A .... 6.62517x10 erg sec 
Rydberg’s constant for hyd- 
rogen i?j.j . . ... . . . 109,677,576 cm"' 

Rydberg’s constant for deute- 

Vium Ro 109,707.419 cm"' 

Rydberg’s constant for he- 
lium ....... 109,722.267 cm"' 
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SUBJECT INDEX 


Absorntive power (or absor- 
piivily) of a body 169 
Acceleration of free fail 

(tabulated data) 32 

— ■— unifarm rotation, to- 
tal 19 

— — uniformly accelerat- 
ed rotation 16 

— - — , angular 18 

A- centri- 
petal 19 

^ tangential 

18 

Allowed current-carrying 
capacity of insulated 

wires 119 

*— • energy levels 115 
Alloys of high ohmic resist- 
ance 119 
Ampere 107, 133 
Ampere-turns 136 
Amplitude of wave 80 
Angle, aperture 164 

— of incidence 159 

reflection 159 

, critical 175 

refraction 159 

total reflection 159 

— , polarisation 166 
Artificially produced ele- 
ments 195 

Atomic unit of mass 186 

Band, conduction 115 
— , valence 115 
Barrie] -layer effect 168 


Black body 168 
Breakdown 114 
Breaking stress (or ultimate 
stress) 41, 42 
Bulk elasticity 45^ 

Calorie 52 
Calorimetry 52 
Candela 158 

Candle, international 158 
Capacitance 98 
Capacitor 98 
— , cylindrical 98 
— , parallel plate 98 
— , spherical 98 
Centimeter (unit of capaci- 
tance) 98 

Centre of gravity 36, 39 
Change of volume upon melt- 
ing 62 

Charge, elementary 95, 186 
— , negative 94 
— , positive 94 
Circuit, oscillating 151 
Coefficient of friction 27, 34 
— — internal friction 47 

light, reflection 159 

linear expansion 55, 

68 

- — 7 - pressure change at 
constant volume 57, 71 
resistivity, tenipera- 
ture 108 

— ^ — sound, absorption 93 

— waves, reflection 

93 
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— — - surface iension 56 

— — volume expausion 55, 
57, G7 

Coercive force i41 
Compressibility, isother- 
mal 81 

— of matter 41, 44 
Conduction 56 

— of a steady flow of liquid 
/ ■■■.46 ■■■■ ■ ■,.' ,.■;'■■ 

Conductivity 108 
— , electronic 146 
hole 116 
— , induced 113 
— , intrinsic 113 
— , thermal 56, 70, 71 
Constant of gravitation 27 

— , Planck’s 18 

— , restoring force 76 
Constants, emission 128 
optica! 160, 176 
— , universal physical 203 
Convection 55 
Coulomb 94 

Current, alternating 147 
— , direct 106 
— , induced 137 

— of photoelectric cell, 
dark 168 

— , pulsating direct 147 
— , saturation 114 
Currents, vortical field of 
134 

— , eddy 139 

Curve, magnetisation 140 

— of brightness sensi- 
tivity 157 

Deficit of nucleus, mass 189 
Deformation 40 

— by tension (by coinpres- ■ 
si on) 40 

— , elastic 40 
Density 24 
— , critical 54 


— current 107 
— energy 99 

— of liquid and vapour, 
equilibrium 65, 66 

— — substance 24, 29-32 

— — various substances 32 
Depth of penetration of high 

frequency currents 151 
Diamagnetics 140 
Diameters of molecules 72 
Dielectric constant 103 

— of medium 94 
Difference, potential 97 
Diffraction 163 

— grating: 163 
Diopter 162 
Dipole, electric 100 

— , moment of electric 100 
Dispersion of the index of 
refraction 165 
-— —■ light velocity 165 
__ __ velocity 80 
Domain 141 
Dynamics 22 

— of fluids and gases 45 
rotation 25 

Effective . value of alterna- 
ting current 148 
Elastic limit 41 
Electric circuit 107 

— field 94 

, intensity of 95 

Electrochemical cell 113 

— equivalent 112, 123 
Electrolysis 112 
Electrolytes 111 
Electromagnetic waves 153 
Electromagnetism 131 
Electromotive force of elec- 
trochemical cells 124 

_ ^ — a source 107 
Electron-volt 113, I8G 
Electrostatic field 95 
Emission constants 114 
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Emissive power for emissi- 
\ity) of* a body 169 
IfiKTgy of eiasiic. dotorma- 
• lion, potential 42 
-- level 187 

— levels of the hydrogen 
atom 187, 191 

— of motion (kinetic ener- 
gy) 24 

— — nucleous, binding 189 

■ position (potential 

energy) 24 
__ system 24 
Epoch angle 76 
Equation of adiabat 58 
Beriioulli's 47 
— , Ciapevron-Mendeleyev’s 
57 

— , Einstein's 167 

— of sine waves 80 
Equilibrium, dynamic 54 
— , neutral 36 

— on an Inclined plane 36 
— , st’lble 36 

, unstable 36 
Equipoientia! surface 97 
Error of measurement, abso- . 
lute 201 

, mean absolute 201 

, relative 201 

Factor, power 19 
Fall of bodies, free 17 
Farad 96 

Ferroelectric crystals 104 
Ferroclectrics (seignette- 
electrics) 100 
Ferromagnetics 140 
Field, direction of magne- 
tic 132 

— intensity, magnetic 132, 
134 

— , magnetic 132 

— of [he earth, urngnetic 
141 


First lav/, Newton’s 22 
Fluid, ideal 46 
Flux, luminous 157 

— of radiation 157 

Focal length of the lens 160 
Force 22 

— , centripetal 26 
, Lorentz’ 133 
, niagnetic 131 

— of a magnetic field, line 
of 134 

friction 27 

Formula of thin lens 160 
— Stokes’ 47 
— Thomson’s 152 
Frequency, cyclic 76 
Friction, dry 27 
— , rolling 27 
— , sliding 27 ^ 

Gap, forbidden 115 
Gas laws 57 
Gauss 134 

Grating interval 163 

Half life 190 
Heat 51 

of fusion 53, 61 
— - — vaporisation 53, 65 
Heats of combustion of fuels 
73 ■ ; 

Henry 138. 

Humidity, absolute 60 
— , maximum 60 
— relative 60, 74 
Hysteresis 140 

Illuminance 158, 173 
Impedance 148 
Impulse 23 

Index of refraction 177, 178 

— — ^. absolute 159 ■ 

, relative 159 

Induction, electromagnetic 

137 
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— , magnetic 132 
Inertia "22, 23 
Infrasonic vibrations 79 
instrument, the least sepa- 
ration for resolution of 
optical 164 
— , optical 160 
Insulating materials 102 
intensityr luminous 157 

— of radiation 157 
— , sound 83, 92 
interaction of charges 94 
Interference 162 
Ionisation of gases 113 

— potentiai 113, 127 
Ions 112 

isotopes 188, 194, 195 
Joule 110 

Kilocalorie 52 
Kinematics 15 
Kinetic theory of gases 58 

Law, Biot-Savart’s 135 
— , Boyle’s 157 
— , Brewster’s 166 
— , Charles’ 57 
— , Gay-Lussac’s (the equa- 
tion of an isobaric pro- 
cess) 57 
— , Hooke’s 40 
— , Kirchhoff’s, 169 
— , Lenz’ 137 
^ — , Ohm’s 108 

— of Kirchhoff and Bunsen 
171 

— — universal gravitation 
27 

— , Stefan-Boltzmann’s 169 
Laws of the external photoe- 
lectric effect 167 
— , Faraday’s 112 
— , Kiixhhoff’s 1 10 
Lever 36 


Light, natural 165 

— sources (tabuiaieri data) 
182 

Line, Fraunhofer 171. 176, 
177 

— of force 96 

Loop, hysteresis 140, 146 
Loudness of sound 79, 80 
Lumen 156 
Luminance 158 

— of illuminated surfaces 
172 

— — light sources 1 72 
Lux 158 

Magnetic equator 141 

— flux 136 

— induction, residual 140 

— materials 139 

— pole 141 

— saturation 141 

— susceptibility 139 

, specific 145 

Magnetisation vector 139 
Magnification of magnify- 
ing glass 160 

microscope 162 

telescope 162 

Mass number 188 

— of body 23 
Maxwell 137 
Mean free path 60 
Mechanics 15 
Meter 15 

Mobility of electrons 126 

ions 112, 126, 127 

Model of atom, Rutherford- 
Bohr 186 

Moduli of elasticity (table) 

,'43, ■ ■■ 

Modulus of volume elasti- 
city (or bulk modulus) 42 
— , shear 41 
— , Young’s 40 
Molecular physics 51 
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Moniciit oi' farce (or toraue) 

25 ■ ■ ' 

— — inertia 26 
Moments of inertia of homo- 
geneous bodies 33 
Momentum 23 
Motion, accelerated 17 
amplitude of harmonic 
'5 

curvilinear 16 
decelerated 17 
harmonic 75 
mechanical 15 
non-uniform 16 
^of bodies in the earth’s 
gravitational field 19 
- body, rotational 17 

— ideal fluid 46 

— point, circular 17 

— viscouse fluid 47 

, phase of harmonic 75 
, rectilinear 16 
, rotational 17 
, uniform 16 
, uniformly accelerated 16 
, vibrational or oscilla- 
tory 75 


Neutron 188 
Nucleon 188 
Number, Avogadro’s 57 
, Faraday’s 112 

Oersted 134 
Ohm 108 
Optics 157 
— , geometrical 159 
Orbit, stationary 187 
Oscillation, period of 75 
Oscillations, angular fre- 
quency of damped 78 
— , forced 79 
— , damped 78 
, df-Uiipirig constant of 
damped 78 


electric i5i 
— , free 78 

, initial amplitude of 
damped 78 

— , instantaneous value of 
the amplitude of damped 
78 ■ . 

— , mechanical 75 
— , periodic 75 
— , phase difference of 76 
Oxide cathodes 114 

Paramagnetics 140 
Parameters, critical 66 
Particles, elementary and 
non-el ementary 196 
— , energy of elementary 
and non-el ementary 197 
Pendulum 77 
— mathematical 77 
— , physical 77 
— , torsional 77 
Perfect absorber 168 
Period of natural oscilla- 
tions 151 
Permeability 144 
— , initial Hi 

— of medium 132 

Phase of wave 80 
Phat 158 . 

Photoconductive cel! 168, 

184 

Photoelectric cell 168, 183, 

185 

— effect 167 

— — , external 167 
— • —.Interna! 167 
Photometry 157 
P’noton 166 

Piezoelectric constant 101, 
106 

— effect 101 
Pitch of screw 38 

— — sound 79 

Plane of polarisation 166 





Point, boiling 53, 61 

— mass to 

— , inelling 52 
yield 41 
Poise 47 
Polarisation 100 

— of light 165 
Power 24 

, optical 162 

Potential, absolute normal 
113, 123 

— , electrochemical 113 
gradient 98 
Precision 200 
Pressure 45 
, critical 5^ 

— , partial 59 
— , radiation 166 
Principle, Archimedes’ 46 
— , Pascal’s 45 
Properties of ferrites, prin- 
cipal 144 

light, quantum (cor- 
puscular) 167 

— , wave 162 

materials, magnetic 

142, 143 

— — saturated water va- 
pour 67 

semiconductors 129 

Pul lev block 38 
— , fixed 37 
— , movable 37 

Quantum 188 
, energy of 197 
— , radiation 166 

Radiation, thermal 168 
Radioactivity 190 
— , artificial 190 
Ratio of photoconductive 
cell 16S 

, Poisson’s 41, 43 
Reactance, capacitive 148 


— , inductive 148 
Reaction, thermonucioar 190 
— , nuclear 190, 198, 199 

Reflection, diffuse ICO, 180 

— of light i73, 174 
— , total 159 

Relative brightness sensiiP 
vity 171 

Resistance (ohmic) 148 

— of medium 47 
Resistivity of elecirolytes 

120 • 

metals 117 

Resonance 79 
— , electric 52 
— , series 149 V' 

Re,storing force 76 
Roentgen 199 

Rotation of the plane of 
polarisation 166, 180 
— , uniform 17 
— , uniformly accelerated 18 

Scale, centigrade (Celsius) 
51 

— , Fahrenheit 51 
— , Reaumur 51 
Screw 38 
Second 15 

Second law, Newton’s 23, 
25 

Self-inductance 133 
Self-induction 137 
Semiconductors 115 
Sensitivity of the eye, re- 
lative brightness 157 

photoconductive cell, 

specific 168 

photoelectric cell, 

integral 1G8 
Series, the Balmer 191 
— , — Lyman 191 
— , — Paschen 191 
Shear 41 
— . absolute 4] 
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relative (s’nearing strain) 
■ll 

Shell, electron 189 
Skin effect (or surface effect) 
149 

Sound 79 • 

pressure 83, 92 
Source, current (electric ge- 
nerator)^ i07 

Sources of waves, coherent 
162 

Spark gap 1 15, 131 
Specific gravity 24 
heat 61, 63, 64 

— — at constant pressure 
52 

volume 52 

— ■ — , mean (or average) 
52, 62 

, true 52, 62 

Spectral cmissivity 169 
Spectrum 169 

— .absorption 171 
— , continuous 170 

— , electromagnetic 153 
— , emission 171, 181 
— , line 170 

. of mechanical vibrations 
88.- 89 

radiation 169 

— , sound frequency 87 
Standard atmosphere 60, 72 
Statics of liquids and gases 
45 

solid bodies 35 

Stilb 156 

Strain, longitudinal 40 
— , transverse 41 
Stress, allowed 45 

— of deformation 40 
Superconductivity 109 

Sup ercon d u ct ors , t r ans i t i on 
temperature of 118 
Surface tension 68, 69 
System of bodies, closed 23 


— — elements, periodic 
192-193 

Svstems of units, CGSE, 
CGSM and MKSA 133, 
204-205 

Temperature of body 51 

— coefficient of metals 1!7 
— , critical 54 

— Curie (Curie point) 140, 
145 

Theorem, Torricelli’s 47 
Theory of elasticity 40 
Thermal electromotive force 
116, 121, 122, 131 

— expansion of solids and 
liquids 54 

Thermionic emission 114 
Thermoelectricity 116 
Third law, Newton’s 23 
Threshold of audibility 83 

feeling 83 

— , photoelectric 167, 182 
Torque (or moment of force) 
25 

Torsional rigidity 78 
Trajectory 16 
Transfer of heat 55 
Types of spectra 169 

Ultimate stress (or breaking 
stress) 41, 42 
Ultrasonic vibrations 79 
Units of acceleration 17 

measure of physical 

quantities 202, 203 
velocity 16 

Vapour, saturated 54 
Velocity, average angular IS 
— , escape 20, 22, 72 
— , instantaneous angular 
18 

— of electromagnetic waves 
153 
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— — aioiecules, average 59 

— — — ^ [I'.e uiost probable 
59 

^ root mean square 

58 

— non-uniform motion, 
average 16 

— — rotational motion, 
linear 18 

— — seismic waves 86 
sound 84, 85, 86 

— — uniform motion 16 

— _ _ rotation^ angular 
17 

■ vibration 80 

— - ~ waves 80, 90 
Viscosity 47, 48-50 
Volt 97 

Wave 79 
, cylindrical 80 


— , intensity of 83 
— , linearly polarised 166 
longitudinal 81 
— plane 80 
— , sine 80 
— , spherical 80 
— , transverse 81 
Wavelength SO 

— of particle 191 
Wavelengths of ultraviolet 

region of spectrum 174 
visible region of spe- 
ctrum 174 
Weber 134, 137 
Weight of body 36 
Windlass 37 • 

Work 24 

function 114 

— of current-carrying wire 
ill magnetic field 136 



